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SYSTEMS AND METHODS FOR ALI GNMENT OF OBJECTS IN

| MAGES CROSS REFERENCE TO RELATED APPLI CATI ON This
application clains priority to United States Patent
Application Nunmber 511/820,939, filed June 21, 2008,
which is hereby incorporated by reference herein in
ISYSEEMS AND MIPTHORSURDROKLIGRMBNENDF @B IECTSENAMAGES
Invention 10This invention relates to processes,
apparatus, nmedia and signals for automatically

aligning objects in inmages, such as peaks in
two-di nersRESS REFERENCRAM R eATEDOARREECATION o

2. ri it 1o - . W=Te t,chi-ng. i
o B LD U L AL 0 00 S P Bt
11/8p093 @ iled Hmie@ 1i ROGR) nghithels hinieby trorpapited by reference herein in its
recogni tion, and i mge analysis. The performance of
R mat chi ng net hod depends on the properties of the
features and the matchi ng neasure used. One
appl i cation where object matching in i nages can be
performed is i BACKGROUYND QFFFHEUINVENTHANnet i c
I ngnce (NVR) spectra and the 20 alignment of
1R Red

Pdhks in such spectra to each other.
An N 5BRGHDA FRIEEPICHbE s GORIAkAES nbdperdiglRshenal
or multi-dinensional image that consists of objects
auterastiqadl aligaing obictsdolimpedsesich e peakfs im twendphensional nuclear
I Lecul ar features of a sanple include,
™ %gfé%ﬁ%%”ﬁ¥ﬁ$ %d to, the presence of specific
nmet abolites or other nolecules wthin the sanple. The
se of NMR 25 spectroscopy (NVR) for anal yzing
2. iptiop phRelated Art anpl es and conparing themto each
ot h o r Wed j ' [ .
excang ek in Sl st RodiB b lacP Ao Ry R beed G
ingodegenpicdn cemaber vises, phjediureasnitjonaand imthgeiadulgbis. The
t abonanj cs sin MR .has been utilized [n the -
PeERIPNGs Y d %F?azﬁimzﬁ I%P'S%Gﬁlé“é‘dﬁ G R RPRRSTES o thideatures and the
mbihRE Rind-Zed ¢ ORL BBl G RheR UM flatdiing
Cancgr Res. 6%, 5413.%1??81I\/Bnyerret bgﬁ%ﬁ:nsglgt%%gg?scanbe
penformed MNR the andhesieef misleanmagnetErssamante MMVRVBecwhiand the

| | isition ti d.j t
ol R RO PR S R B dl OtsFgect T on of 1+
NVR &0 8IMR &pbétaiith SRS coRippk@0d 6-diSRMBo8R dr intii limensional

. the nunber of netabolites that can be uniquely
image Hat £prsastantioljeein that repeesent moleculafsatwms|of a sample. Examples

- (i ' sed,.fQ n zin
of A AIHAEE 2 b bR, W7 2GRS ublea B Bl of
spSeific nikestayitd0d HthdvkibalballdsoviiigitneRimpd Phe dsedF NMR
Because &hg%§t al | endogenoqus, netabolites contain .
SPECHQ5EPPY deoHlyze qaurpler Mot spRIgs ekcomparing them to

(-2 .
eargnl!i lslﬁte% Haseiéfﬁglﬁglgsﬁ%tgﬁﬁ Cleldftla) BIRGH ris? S'Q;r Q%ﬁé{e,gc%'inparaUVe

I on) es separation and accur
mételenitd frofiling ofithefendagenonetmatabblitee praduetd omgidtvidual o

i ngl e obj. the 1H NMR di i on.. Ho ,
o TR RIRE NDVBBH PR D1 e ey PR ghiasgotse 0
dobRbRh 86d TtéMEANSED tfcBREES CREd, Bvehb 8 FATBOEREARE RELE6, 5419.

Many metabonomics studies using NMR are based on one dimensional 'H NMR,

which has less sample acquisition time and is easy to analyze. However, the high
spectral congestion of 1H NMR spectra from complex biological samples limits the

number of metabolites that can be uniquely identified and quantified.
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across nultiple spectra. The nature of 1H 13C NMWR

poses a couple of challenges. First, the position of

an object representing the sanme netabolite across

sanples or replicates 10 is not fixed in the

t wo- di nensi onal 1H 13C NWVR spectra. There is al ways

sli i4..0 ney_10 lobal

oxpo e e e ing plot
medbaolid dmhguhﬁnheaeﬂst ap@abblonm. &emww Mxetétalgiﬁngmeerhg 9,

erence, in e i mrent al ditions, s S pH, .13
St Pecaie sl S Fedeeer oo hpo e et b B sffatd M NMR
difde88bh PR 3@&R S8R Sueid Bp&uahiahbe (200 rgﬁm; }Jé&%ﬁhon) and
Second, these shifts are not systenati c.

ergiblee @cpammmd@mmme idéntifisetierhoff maltsome@éelhte@ﬁ]aé@qngﬁg into a

sl pPREEAIRT e TR g B PSRk o PR WP BB

profile8 Réquires blignifls NMR &b ech (pagksPiepressitip! the BAme metabolites
Furthernore, not_all netaboliites are present in_ al

aog@mrsnlégples;@eqtf?e Bheasweiof yHt' oC AN posgs 4 ersptawiichabenges. First,
| .
th% ggge}g PR gfr’%rb {)‘Q écetn %:ﬁrege?t EQ@% ér?%% ntgl%tggélfté ?@rﬂgs S%.lrrg)ﬁ]e% ortréi)hcates

is dﬁﬁﬁkﬁbﬂn&h@ Bﬁﬁhﬁeﬁsfcﬂlﬁl & J NMRy gicogar Tasensalways shgh’c
conpari son of nultidi nmepsional NNR ne abollc

rofile
Positncthfding obpeaiad becppstie rrperimental popdiuen caémog onehundred
pér&nlt E&ﬁﬁl‘?\% V\éﬁégcl %t oh : IS Ngruﬂlbkbny | %Eta§urrmge8@(ﬁ gaus@%ﬁk&fﬁe%t:e PBGf imental
cmﬂttmhs,l such ps pH!, Wil pauasx hn bbjectdoahﬁ&: tIevendor meplitdted frommrthe same
be exploited.in or o al.i cts ip the i.rages.
soptS SReth it 1 ety Sheotbie T a7 mEoRTE: R
dl%ﬁﬁﬁ EHEgend oF (AL S by edch %‘Bfé%t ﬁ;,tn%f‘&onsisth%t ﬂﬁb@g}kﬁt a spectrum.
hin a small region of the same spectrumd ay
Thﬂ @hj iy cahshift itosgandadiffarent direetionsivath different @}temitls the different

R of 3 pr e FRESTOREr. oLl BRI ok S B b s so e
a?ﬁ&@xt}f @ Mgd MShdphiicamisihatbut@enitendiztitalng M 0eReSesignal to
or aligning objects in I mages do not satisfactorily

obigqss EipLesepiiteths same FagiabolitRISHERIS ocal Shif .

Acc o’fﬂﬁ & e ¥4 mﬁé feaBGRd ?gmbaﬂisbg S i dﬁ&eﬁsﬁ

lnprove process appar a 'a an SIgn or
matabgliv p@{idds) peedentsi anclmsn:l prbhllent ythe alibgyesenit bﬁbb]t@tkm images. In

B RS PRSP ERY HOKePRGF 0GR GPetiom Y ghscihages, such as
NP hfettole p ﬂﬁﬁ% lHibit cﬁﬁt%b@n@lﬂg 1Bt YRR b@ e;:ﬁfntéﬁ indPAG0 align

objects in"a plurality of 1nages The inproved
oljeds sthe saggsp diva exanplepditeugh thesibjpes bg ftingr ofghé b]MRu gpectrum

isgutpfliinds BB, e omibsts Samisr B o 4 Siin Msron display

silfBORATYGAtEms! MOwERicHBR @:géits SRt SPAAS Eidnilar directions with
Advant ageousl y, the inproved processes, apparatus,

simelel extemid Asi ayreanks, the tocgl pajﬁrrnsgacmp diffeseritspectysl aue amaﬂy

atter ns:

mg{%m,({m@onven%onal Hrﬁcaeg%e%op ng,\ﬁﬂ%]%cts in, Imagf:t § nc()jc s?ffsﬁgctorlly

estplit thebSpatednd @taﬁatahmarobﬂcbhfforAaédr@ﬁgngmbu 26 hSedeﬂ ithe art
plurality of object sets, each object set in th

arg [IGPEVeH Prosessss, Apertise e @cﬂ@érsil%iaﬁé%allw&?‘af“ﬁ% ip pplurality

&£ urality of

1n%%g§ﬁhfu§ﬁg§g£ﬁ£% 5§?£&%ﬁ@ o Jegygmfﬁﬁgach of the

plurallty of objects sets are initially marked as

untreated, the nethod conpri sing: (A

constructing, for each respective object in a first

object set in the plurality of object sets, a

correspondi ng object group that contains the

respective object in the firgt 15o0bject set, thereby

constructing a plurality of object groups;

(B) computing, for each respective untreated object

in a target object set in the plurality of object
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25val ues; (C) repeating the conputing step

(B) for each renmaining object set in the plurality of

obj ect sets thereby popul ating the target object

group; and (D) repeating the conputing step

(B) and the repeating step (C) for each renaining
respective obj ecuSIMURY OF TEERINVERNTINSf objects.

groups, where the respective object group is o
desi Em@d aasinprevedhpryeessobhjopparays.ouplia setigials for aligning
obj.ects that are in t 30sane.object group are .. .
ot Pl BLpista 15e AR VE AR ANt dhaiuEifigia syt signals
fopjigihs objRcishi a Plitably dfimakesCdin@Rtus&Elos gerdfal point alignment
accordance with a second aspect, there Is provided an

rraplsaran s dingnsignpimaggs suddibisdwoslimpnsionsi DV spsptras

Agﬁ%nzgég{egﬁgg,fdge i Oﬁ%vgg Jpﬁo%%;s%g,taglg}grgc gmlgt!}%g t%t?& l:l%%falg For aligning

res
olgedts @spphueiling of iMRges kdkcadphntagd ditpattedns bfagebed tdael shift.
apparatus conprising: a central processing unit; and _
a nenbraccorsngs wih edirsttspednthess ispreyidessl mgthgdfer aligpjag objects
in'ﬁeﬁl lea?fty%‘? %Bj%bl%bew eabMSbjetCddt ANepRIralRf 565 RIsctdbmprising a
plural ity of object sets; ) _ an i nmage |
plyrsiiyanf obieatsribd chaespandinanagee doaphralisosf insges aherein each of the

otﬁ%&@ Il e%]cﬂg)f kHRSSI4GA | P RBeb R sets are initiaII§/'9Y).’:1r¥&Q:P§st fiMEatdlD the

I each respective object in a first object set in
methed gbnpasing:y of object sets, a corresponding object
ar ou(?\)t halorcRiiHg for 38 Fe%?@@tﬁfe' obfecPRl L5t difeck B& in the plurality
first "object set,” thereby constructing a plurality of )
of sivjast setgraogyegsponding objecRyroup st £oMgns therrearashive object in the first
. ' [ EGL, d . object set in
e et P SR 0 PO BRI OORA TP ¥y metrie
bet wn acareuiio. fobpewt regpesiveiuniregted phigetdn pitgroelfobject set in the
i i | |88 obj he plurality of
PIFAEY pHECLRE, Bpltly HEORASCEED RiraS ohj<el SroBRt the pluralty o
ohjént gobjpe anditire teispective pbiech ipereby senputingta Meslity wEsipdaity
jmlarity score to the target object group is added
m?ﬂcr)'g%’h@étr%mget obj ect group and nmarked as treated when
t he coor dihaabiectiinfthe fasariexbiase seidbal han dheobjstsimilary schre to the
r § k)
ta%%%?]ggj%mctgg{)@&fs 9584 K ﬁe%@%h%&ﬁ%ﬁ% ] ssﬁé@%%jgg gteét{ég when the
cophdinatadifierersbs betwagndom obisehandhibe taspetdibiest group are below
i I [ he object and the target object
th%ﬁhé‘g V%@%g’n%@?%%ep\%ms%’hr eshol d val ues; (O _
r epeat i ngadding x ovigsing elged te the(1Bjoet ebied @covprwian the ggordinate

‘ dii?gleﬁﬁ?ets t?é‘?\ke%rﬂt]ewgglg)iegl[e ?ﬁ%ﬁiettxrg%g ngg%ufd&gm bask %)eéhold

populating | ect
vahugseat i ng the conputing step (B) and the repeating

ot C PR . e _
o RS, 8 e ORI eh SRSl il e
plurelityef bbjeet sely thetebyropplating thestiapeheljectasourhend ar get

obj e ar : i ' N
ob) &) o ShepnidfG EuRedRILALE (DI thE okl e fifor cach
refragnirgDespddtiyn pbigeodrper insthierpiurally of ojedts groups, vglsirethe respective
sel s, : . _ ,
oS Byt gl o f S PLOGRRE ohlellu Bl MRS SBBGL indk IR Rne
sapteustaddt gyoLpfare bpewed $e tarresmol to bpdcathgretherapytaligning objects in
lurakity Lects sets conprising the objects in a
th%BE?%@%@Hﬁﬁ%éggﬁage ina plurality of images, the
apparatus conprising: a central processing unit; and
a menveygrdemgplitida secarideaspent; thelre [sroeddas aiganparatys topeligning
menory conpri sing: (A) means for accessing
said plurality of object sets;
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(B) neans for constructing, for each respective
object in a first object set in the plurality of

obj ect. sets, a correspondi ng object group that
contains the respective object in the first object
set, thereby constructing a plurality of object
oBEQYRSa plurality of obfe6) saT®afagh bbjecCsmrpithe plyalfyoof afets sets

respective untreated obj in a target ohjec
coTBRBR ra e B ojcsee ded asg TP Tty SUhRGes 1B abfhratus
Col%tng\ﬁgn a target object group in the plurality of '

obj ec %r oups and the respective object, ther eby
comARENHE! RECFASSINAIUNHASY similarity netrics, wherein

t he 0hi@6ty, ESLdidieiotias 88itraPPicesésispinit hﬁtmé‘tﬁ&ytd&ﬁlpﬁﬁﬁg

simlarity score to t he taragﬁ IEIBEJFect b&‘§?‘$ I s added

to the t 1SS RIACCEFIDSAN BRI PPES ¥ at ed when

t he coor ghnakge dbhpaiseneasiuRe tiveiargt Remphiisetmaendt tdieprising

t ar get Obj ect group are bel ow threshol d val ues; and,
insguREnRifae, addi ng a mi ssing object to

t he (AAr gebnaRIcESd, f&H 4R ré‘é’t%ﬁtlﬁe’kﬁojé‘(ﬁﬁféjﬁi@a@h}ect set in the plurality

di f f bet t he obj ect dih t
of gl%]@gggg]gagpse%m@g\% qqﬁ%ég#ggg e\l}gzgﬁ‘t@&}s ?he resgeectav% Bgaject in the first

ob[BRARs, thefebl 8RRt éb@:ré’lﬁ;ﬁéﬁoﬁ‘&i gmﬁ@utl ng (C) for
each remai ni ng Obj ect set in of o

et $5 hereByUiS i 5Fh (P oPRENCHTERCTPEE T gt Dl set i the

pELﬁeﬁ)ﬁ Qﬁﬁi&t Eox, é §tﬁﬁ|§ﬁﬂyﬂ1§leth@§etmé@ﬁ% t.ﬁ:@ét SLEaR @Edupdn (He) plurality of
t he neans for repeatin r each renmn '

objeéfssyéuws el 168 Jr%%nectj‘f%%eqi %?'P?Qy ﬁP‘P}Pﬁtl'rlgt%/mH'fa“Utﬂ? éEfS@”W
mdfiQURRercther e the respective object gr oup | s
designated as the target aqbjec

t
obj ect s theagbigstdn thg T?fﬁét QRipre sEbj hgt:'?asgth% Bﬁs"éfr@”aﬂ'g’e*??@f? tothe
tarb& d%ﬁ:!c% gRB @'a&déoqa@ﬁb erde bb,ebh@b@@xncamag@d@@ teRjeRIcit%en the

lurality of object set In accord nce

cowdmﬁteadl yaneas helwesn thetﬁ}%)@@éaﬂ%ffﬁrfw%%e%ﬁr%ﬁé? glqw

thrEHol Pl AIGEY; BEg Ah&@tse, in a plurality of object sets
stored on a conputer readabl e storage nedia

st orage AEdNGaCHRPPY gpjﬁ@t to the target oE)J/g):t HOWR Y"é?n tme ooordmate
dlf@f&{c@% béﬂfve@f] R &ﬂéc‘ﬁ ahahhetrdohrecasad BE sAbblow threshold
rality of object sets; B) a second
valpesur ality of binary values for const ructl ng, for each

respgct ' Y@pe%mgg% dofhpitihd E&b (BPicRehcHs@naining Bigect set in the
pluralit sets, a corres ondi ngp obj ect

plugaibies qblﬁﬁ S@émeaeh»tqunvéam@%@e@(@% 56} ¥e aﬁdt he
firgd Obke‘b%tatfégefhe &Hﬁfuﬁﬁ%st‘é%@%éwﬂnb 'ﬂébe%tlﬁd] gtreal(c; #6r 8hch

object gr oups ird plurality of

rerpRinag yeapgp“@@bﬂegﬁt gw@prﬂ, hq«,@uraﬁn’@rof @Qj@ﬁts @é@ﬁ’éc‘t"h‘?f@ the respective
obJBF} Lﬂt §L?p% %%e@@h%ﬁ dsthétdr§ét WBlecPBicRE wisRbinioBjdchahat are m the

ty of object sets, a simlarity netric betwe
sarge phiegledrovb precicagiesiip COmesrRP GRaN Pﬁh?*" SreTen %@f“”g objects in
theHIRHRS ofBGe %t'%%tg espective object, thereby conputing a
urality 'of simlarity nmetrics, wherein the object
in the target object set that has the best simlarit X
s colneaacgrdanes with aghifd aashthfe RipoVided auaaPaglus iy aligning -

objb&k Qweé pRPAIRELT Wi BeBNEhdRRSHIQH sasin tHeasl@ ity W Sﬂe&tb 8ets
coordi nate dlfferences bet ween the ob%lect and t

COMRIFSHEG th@mb@@ts g AoiRp Pt BRIenr 8 Shbrlty 9famas§8 %%Ppafafus
adding a missing object to the

Corﬁ‘?ﬁ?y Obj ect group. vvhen the coordinate differences
bet eenriral REocEBsiBG LNERIYt he target object group are
not , ReRlQM tt!?)ﬁgi%ﬁ% gﬁevé%n%%ﬁprocessmg unit( B rAerh@Ycbhprising:
plurality of: binary values for repeating the
computing (C) for each remaining object set in the
plurality of object sets thereby populating the
target object group; and 24 (E) afifth '
plurality of binary values for repeating the
computing (C) and the repeating (D) for each
remai ni ng respective object group in the plurality of



One enbodi nent provides a nmethod for aligning

obj ects, such as peaks, in a plurality of object
sets. Each such object set conprises the objects
found in a corresponding inmage (a g., NWVR spectrum
in a plurality of images. For exanple, the plurality
of inmages can be a plurality of two-dinensional NVR

SPeGhy a, rré@ag{s%re?&gsé'rﬁgs%g iWYSinsHesldctdBthas a

corresponding object set that contains al'l the
in tBe rewpeefdrrensipEdng. o qash respseiecatiast §ipLE Otarct setin the
! {20 6o RARP FrieSBSpective object i
ph%r%lﬁg? ?Ct s ?gcrﬁe% g)cybé%?r \?gsob ect in a |FresC e oRIEE
th@br]serzbjesteret rherebvecqrrlstruetlnuteyplwrahfmf @@?Ct%‘?@s
cor :S po%aﬂ%fo?%ﬁl%htugq; QAR @esp%&ﬂfe%nﬂt%atba 8bject in a target
respecti ve obje first object set, thereby
obgsohsatinthei pigably pf objattisels. efsilfiBCTEE bapeen ?Ha@e'f %*?Ject group
in {2 rp?)uraﬂ&%\‘% g;@&% s APty @J:’dv@bb et %r&&}cc%rﬁ!ﬁﬁ@a plura[rty of
conpri ses orné object group Por eac uni qué object
sireilapigr meicios.avhef¢inr st) obj ect set. In other words,
since eagh, ?H&(ﬁ% tr%qgw%PBlegét%%P%tﬁ tﬁ@ bE&RgRilar@f score to the
this initia urality of object grouP
targeingiiécs gravids edq!aettp tye tﬁﬂ@ﬁffoé‘lecb@f@lﬂip and faekegissdieatqdvhen the
C t
copHrele i Bieph Dyt Kol SRS ohd e GREL SRR o L3P
threshcmhvaiwserandsﬁhenv\nset he plurality of Obj ect sets, a

lurali t [ [ t Iy
Do b2 R ok L g SSLERIRUS A Batcanate
difebgrees bambeo rﬂne) oljbterrdghé target chisickanoul atsuppt PAlowHareshold
vaﬂl rality of object groups. The purpose of such a

corrputatr on is to determ ne which object group to

pl ad® t heneawspervepeaingdheoteanT s cp@@p@@t(ﬁ%éﬁr@@petﬁmaf@n&l
ob;(r)—:‘dfj ed | tﬂe%ﬂre}ﬁ%f %%&%%tsgrﬁgrlég}r 8%@51% ﬁéé‘a{a?éséft%g‘af group; and

Fi ré&) thneas3 for repdating thet miansfet epeputing €Cy aslibe mepas for
rep[eg{ g%f Q‘ﬁrdeao Rl E5ER ngretspgctrtle b ?Jrlecp&gl%:h tR& Bfﬁﬁalr%tobﬂﬁts groups,

The 'si'm et ween
whegsthe céspeetiabpteedtt gaoup ie bipelcn@ted as dpytamehebie g e wherein
r
o Q58 e G BPHET ofp O Bk B8 A0S oper
thegertey aighipgtabjeicts intilee plurality dfigbist sgjs.oup nust be bel ow
threshold values. O herwise, if these conditions do
not )
oL R PN SR IR Rs SRLad g
objelss éta phraiipof okiect ﬁﬁ@(ﬁ@@d@ﬁ 2ecnsiRptar igpdsbjeetierage edia, the
repeat ed for each renaini ng object
Stop%teerﬁéd'g BH‘EﬁS'h lity of object -sets. In this manner,
ob j €0t s 4 Fiest plaradity tr:f imasy alves fisjpeetssigecald Rirality ebakiect sets;
rre t
" heﬁsgl urga EQ%QM urﬁ@?%f ?rngg{ \galdae? efBrh(}cﬁ‘rs ing, OB# @&thsreéﬁectrve
objectrisa fmiro@ﬁct sat iratha plemalitylsff ebjeclssets, |a§oare$rg:m@urgtq§>r@aﬁ group that
econd I
S SHhE Tl st AP P A SRkl by o
objetispow@bl e in the two 50bj ect set s For exanple, if
the iirs J
abu@rcgancgethg p‘ﬁﬁ%mp %%ﬁﬁgmaﬁruee:sta} | t e, ﬁ%ﬁéat hzsnggg\ﬁe
unt(ﬂ@gt@:tdpbjad:tsma rtageecskBm’ts%et indhe p@s%lﬁtfe‘ object $ris. imtigiie metric

T

thetdbg cbmpsrtmg)bjpmalltyrailsirrépmte@e&ﬂlc% M’éerpirresence or the
abundanc o
o1 ol ogi oo (s MR Biaet patc Tl RIS B b B YR o the
10be aligned to the second object. Thus, the
alignment or identification kS correspondence bet ween
objects is an assignnent operation. For a plurality
of object sets, each containing a plurality of
obj ects, the systens and net hods of the present



BH is the second dinension threshold limt. In
sone enbodi nents, each image in the plurality of

i mges is a two-di nensional inage. In sone

enbodi ments, each inmage in the plurality of inmages is
an N-di mensional inmage, where Nis equal to 1 or
greater. In sone enbodi nents, a 5coordi nate

ta g,)gf 56@5& NESHReE totth§ tdrGSRBfct ¥8uP BhE faridiithsareated when the

i'n the rst object group is below threshold
CO@QZ‘IQ;@@ difjaesnces lqgtween thelohiegznd the target objegt prqupgge below

threQh AL ALY ank. cﬁnz‘é‘fiﬂ%ee G2 is the ith dinensi on

i ndi cator for the respective object; CJ is the ith
d| maddinpr missing abiset tpdie target ebjesaroumwher thei qo@fd*”afe differences

beﬂrpée%QEe gBJ@Htpandatﬂg télrérgt]oﬂ;e?:t gl%%p a?@n&'ﬂé%ﬁﬂh%hbﬂarv%ﬁ‘égl d

i mrents, each |nage in
pI m{laJ i t ¢ feyfrthi mw@étg of Binart e egi iR AIthg FripRting rﬁC )for each

reﬁglﬂﬁg%%g L&D pl@r@mty Wegeb’t@eﬁlﬁer@b&‘ bablikihgdhe | tFgE Bpject

I mensi onal nucl ear magnetic
greupsendnce spectrum and the objects in the image are

pea@@ai natf.ﬁﬁ uy' 99@55 wrép%‘énﬁw%%hpﬁﬁf%“@)'a%d the

res nce sp Ctr n sonme enbodinents, an 1 mge
repaating éO)dbugadhi regnaigfing tiq:gggglve gbigch GRURIINTRS §hu5§ﬁ|g/| of objects groups,

wk{éhﬁz hge%sd&g\ﬂaeéﬁﬂ gﬁ%&ﬂ@@%g £ AMRLs 8RS Bbje& group, Whelietn

I'mensi o S ec rum or a our-dlnenS|ona
ob)sbR teatere iruthe aathetdhiecd bjoe@tase feprerbiol GpEGEPANYEC Gaglk gther,

th%ﬁbe);%ﬁ g%bfe%ﬁcbrt ki S9BBjeebadi ments, an imge in

ges is a two-di nensi onal

het er onucl ear or hononucl ear nmagneti c resonance
spedn aenerdande aiihecift aawegtsther%lsm%@daﬁ‘ wepediter glignipg gbjects in

a ;}IC{?QH f@:géc':t%@%l B8l @6]9&%% Rdhe nglﬁrﬁw '&B&lc%%reté'@ﬁﬁ}:@iéln@ the

spectrum I'n sonme enbod I ments, an ob
obgets nn A opﬁesqqndm image bt 2 pibyalibt ofdwpgess Bippheied Cgfopﬂsmg

obj @r)na cﬁ-&@a& mgﬁ frSact %Qe&pde%le%t inQ fird QR 988 BleSplurality of

In s the plurali I mages conprise
obmetsle:zaz:ammneemndmcpmwt@rm@stbﬁfaﬁ%@r@p@@ fesipectiygpbject in the first

obﬁgfgeltacﬁértegy %&H&t.ﬁqﬁaswk&&% ¥Reps:a reSpectlve 30

ct and an o gg I'n an object "group_ in th
pl ur( i t soropution] e eaglt Bpectixe obleds Iﬁ@ntquQCh%e’fﬁerﬁm'Laahty of

ob@k{ge%sg ad n%l,gant ir%'trﬁ,lé] t\}veer) @' )2th€ res{p@&ve o@;éa@aﬁ'd H} 3ﬂijects inan
e simlarity metric between 'the
obJreetmem mvtbe ol @ity ofpobjent @rauis énﬂr@lar[ comPYting emiuralpy gﬁ:qlmllanty
<£u®ha§ﬁ is the coordinate of Ain the 13C

sion;
the respective object is added to a first object group in the plurality of

object groups when the similarity metric between the respective object and objects in the
first object group is better than the similarity metric between the respective object and
objects in any other object group in the plurality of object groups and (i) coordinate
differences between the respective object and objects in the first object group are below
threshold values; and otherwise, o - ]
adding to the plurality of object groups a new object group that comprises

the respective object; and

(C) repeating the computing step (B) for each remaining object set in the
plurality of object sets, wherein objects that are in the same object group are deemed to

correspond to each other, thereby aligning objects in the plurality of object sets.



Cf is the coordinate of 255 in the 13c di mension; H
is the coordinate of Ain the 1H dinension; Iff is
the coordinate of Pi in the 1H dinension; and Xis a
normal i zing constant. 10l n sone enbodi ments, the
simlarity nmetric between the respective object and
objects in the first object group is better than the
simlarity metric between the respective object and
obj ects of any other object group in the plurality of
- obj ect groups when the similarity netric between the,
r esp@ut ewbodhjcatproaifes abpaskedior Alignves PRIpEs. syph aheaks, ma

i'S. t t.h th . B - ]
ettt P9 "L e ighle TR eh Bpiiel ST Lfuchs RENIEES.
cRRIsFGIdIY kiRe (A ot haVIRl éﬁéc&l‘&ﬁ)}&n@fplﬂb]it@ﬁif iigrgasp For example, the
I n 'sone enbodi nents, the nethod further. conpri

plopditnd{zZimages ¢re besspiyren et mof@a}eégpgﬂiwmeﬁr% Sy gpeh
reQl ﬁﬁg%%%%%%%%gﬁ coxﬁ%go“?@@r{@éﬁcot &8 ﬁtgihé af) i peaks in the

rTses I'ng a subconbi nation of

re§icB6d siteuRSof B stlbeep bubisal dfitie péakobj te spgrtmnps The micfhod

sel ecting the subconbinationdgf obj ects tr§n1an furality of
copMTEeT CAIBHUSS FY GHCh FEPREHy e RIS HINGHSLe Y e Spidn i plurality o
ol s%?,sal c%@x%gllagrﬁhlt@ Sbj\%b‘%@&?ﬁﬁ%dn%n%e %%Ive%%pﬁl’thﬂ first

élll computing a simlarity score for each possible
o9kt eat therebpjeconttngtingm domniitynetabgest glouphellus| eichigdnitial stage,

subconbi nati on of objects and Lh% selﬁfted. . eotin g
the gl OhAPIEESIERPHERRESCY BT BY CCt &R 0y FAshamidieqhiash

i | 4188 spfce eRiheH &t kdt cohesppliie®tan

paé%?ﬂatigh% %?&é%%tﬁﬁ he 'sel ect egﬁ)gubcgmbi napt@_i on
innfe ob il tnigaictaes, hagddralipoof abirst BloppEeomprissjong obigeloarpup for

25 conbi patj.on that ,achi ev the b I.m [ .
cagR URQOR ADEELS ATy B RS e BB e T Sheug b o iy obiect
sef)l INokt, 30edoh dspRERVE SHIe@i8 dn bbjecrsci thbpRedlitg of objact sets, a

the plurality of object sets., 1n_sone enbodi nent

pletabpysof(silarfiyinpetrios ate) coramed | karh sy soepeabeactig Js between (1)

di fferent.subconpi.nati on. o ' : i Ny .
e SHRE GBI AR P bR et s
T fRFoskiol bucl{ 4 bdthpufiehn (J to)detrincopdel efedigrogatplace the

object set in the plurality of 30 og#ecg.sets W th .
resivetivs vlrctdiThp apascticupbisrits ASlcdn 2 bist OBjeSEEOyP Buihg plurality

in.the L ' et ; ; :
of &?%egg gr&%h? gv;%ell% it\gr% gg?%g%)ﬁ%%ﬁe)g?ﬁ)sﬁlﬁl ;-' TrSté%lg s%rirﬂ\%htg ‘rﬂg@rlc between
thé eppadied obpielind objieordy tenfitseshiért gepptinst ba betfer shamghe
(), (i), (iii), and (ix) s for quifferent biegt .
simuEy Bt tHEDPEearhe BiSBRTtVGroBIRss 1P HE 1Ay A yPisft sroup 1o

& Y ARk BAL Siffe iR cOPLthT Bleir@iective
th%ﬁ#ﬁ%ﬁy?ﬁ?@%@pﬁ%g ér?%%% ?v)hggpeating SStereé;i)%ﬁ ;
obfddit ipd albjecté irvhef fist elgjett grbjrewmsidetbelaw thneshplduvaduest (Pherwise,
..of object sets, an vi ) deter.m ni ng .whet her val ue ..
i hope St B RS T -G ATt DO el g g geve
ob:f‘%lt WEUHGE addte 1BRhEREIMErEMBE bhjort BAIO EneSirBfest 8] asslohing
e objective function has inproved, steps (i), 5%0,

obféditd tp,obgaed gtdupy iarepcated dert aagh fopainingiobfegy whin the plurality of

subconbi nati on of object groups in the plurality of

obj ect groups. If the objective function has not

i nproved, the optim zation 10 is termnated. In sone

enbodi ments, the objective function, optionally

denoted F (alignnent proposal), is: F(alignnment

proposal) =E f (object group) Ic=1, all object groups

in the plurality of object groups where f (object

group) =Esirrt(f3"13j) all pairs ei,j> in object

group k 151 n sone enbodi nents, the plurality of

I mages conprises a 1H 13C nudlear magneti c resonance

-

spect rum and >
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sim( fr,)=_-{dist(p ,15,)}2 =-{(GL -C1)2 + A(H, -
.1)2} , where C, is the coordinate of object 13, in
obj ect group k in the 13C dinmension; c is the

coordi nate of object Pi in object group k in the '3C
di mension; 20H is the coordinate of object Ain

oHRceSdts. AMAKR nkarinr, bR chith #iafEMShOSimdbbibd gtdi are deemed to
coordi nat e .of obj ect /25 in obj ect group kK in the 1H

cgramesi dheachrther. ils this wey.rabjdcis 1ﬁ@hft:l@iﬂ@ﬂ1§h©f object sets are aligned.

In so t.h ur.al i LY

comp?t SR OB R AT s St P e ARRe: appopd obiec
sét WHeh the fift ¥bject 2Pthe séohe objedtl:plesent \ﬂibesl’aﬁle obserivable frethe two
coord| nate of object P, in object group k in the X

VLSS o’t??r exampb tfithe E@bp@ﬁﬁd@@e sobf etssenge of ghe abundance of

g%%t? | na dk%%@gﬂggoﬁh Sbi eca?% reg%Sedggm%$?%senc$ or the

athidznsd @ﬁ’the péﬁtmmﬁr inheabotierwhanahe ﬁﬁsft aﬂcbjs@;ﬁhd bBjeft drdaligned
(%yeﬁaéo o) C%:c})glr o&%&%ﬁ;{l‘)&t r_se:[ otje%lt rrrrlgsrf] ?ép?‘gqeﬁta @g ﬁlfpsggﬂgl Ny g}gltw%dance of
lﬂﬁr%éhgyolﬁé il TRERSef %m&%(@&%alﬂ?fe‘%ﬂm%%%nﬁ RBecPand still
spectruman o, It 1" X -X I o Y Is |larger
bt hhgnedrio tppecotbobedct. Aihds dherflgnomn} oridentiéagivo Pl "

| 3i h , - {di i 3., j)¥2 = -{(X -
%‘%‘%’%n@r@nﬁ? s?et%e\%ﬁ&%&zpmg% aﬁséﬁ?zﬁ ‘fsfbe&?tb‘%“nﬁ% of oi)j( ect
For & PlueRitg6f osgta.@tua@té< ehdh Johﬁl%%a PRAALPBE oaﬁc% thb §ysfté?ﬁs and

coordi nate of object fij in object group
mgihedn of the; pragent mwn@omwrmlmmwhxcbbbm}sen ttheqalumhqbq;feﬂvy ects are

PR SR S SRR BShion
a¥miafy of 1heloBRlctsZinABe 66J86ts8R%s possible is an alignment process. When this
alignment proéess 1s complete, certain objects in the objects sets are deemed to be
aligned (correlated) to each other.

In some embodiments, each object in an object group or object set is
characterized by a first dimension value X and a second dimension value Y. In some
embodiments, the first dimension value X corresponds to the nuclear magnetic
resonance of carbon (°C) atoms, and the second dimension value Y corresponds to the
nuclear magnetic resonance of hydrogen ('H) atoms, and the coordinate differences
between the respective object and an object in the first object group is below threéhold
values when

|C*~C"|< B, and

|H? ~H'|< By,
where
2 is the first dimension indicator for the respective obj ect;.
C' is the first dimension indicator for the object in the first object group;
H is the second dimension indicator for the respective object;
H' is the second dimension indicator for the object in the first object
group;

B is the first dimension threshold limit; and
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151 n sone enbodi nents, the plurality of inmages

conpri ses a two-di nensional spectrumand sim (P, , fr
oo, if I X, -17) I or I X ,I is larger than an upper
bound, and {dist(j3,13] )12 + correlation, - 77 (I,
- .1)2 , otherw se, wher e {dist (ffi," J)}2 =
(X - X £2 isth bedorid dll%%loﬂ %ésh@ldqgﬂﬁd' nate of
object A in object group in the X dinension; X is

the bossmati mb@ilmbntsb@aebmnpmth@plug&ima pf kmagas istle X

oG TERT-GPeliftaee: 1t SEBHERRR fen RS heRe plyPionaf ipaees
1sQlfn MRirBedsidndl imdgdy, GBERQY 1@@&&0'1 drpréAg. Yn dbiiE BEbSdiments, a

is a normalizing constant; 25correlationy is the
cmﬁmﬂeﬂﬁ@ﬁn%bw\ew the gespeeiig obigey msbamokiectan thetfjrsicabiect
ght for the correlation term
g%gp SO'F tthx@sl}ol&vblﬁe?}vﬂgﬂl ntensity of object A [/,
is alog intensity of obj|geLC1) ,<,Band 11 is a weight
for (It -1)2. In some enbodi rrents 't he optim zation of
t he assi gnnment of obj ectsfcﬁn.(glne(pl urality of object
groups is perforned using a greedy search al gorithm
a dynamc

|G~ Cy | < By
where
C} is the i" dimension indicator for the respective object;
C) is the i"™ dimension indicator for the object in the first object group;
and

Biis the i dimension threshold limit,

In some embodiments, each image in the plurality of images is a two-
dimensional image. In some embodiments, an image in the plurality of images is a
two-dimensional "H-"C nuclear magnetic resonance spectrum and the objects in the
image are peaks in the two-dimensional 'H-"C nuclear magnetic resonance spectrum.
In some embodiments, an image in the plurality of images is a two-dimensional nuclear
magnetic resonance (NMR) spectrum, a three-dimensional NMR spectrum, or a four-
dimensional NMR spectrum and the objects in the image are peaks in the NMR
spectrum. In some embodiments, an image in the plurality of images is a two-
dimensional heteronuclear or homonuclear magnetic resonance spectrum and objects in
the image are peaks in the two-dimensional heteronuclear or homonuclear magnetic
resonance spectrum. In some embodiments, an object set in the plurality of object sets
comprises 50 objects, 200 objects, 1000 objects, or 10000 objects.

In some embodiments, the plurality of images comprise 'H-">C nuclear
magnetic resonance spectra, and a similarity metric is computed between a respective
object and an object in an object group in the plurality of object groups according to the

formula;
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5 search, or a conbination (e.g., hybrid) of a greedy
search and a dynam c search. In sone enbodi nents, an
object in an object set in the plurality of object
sets corresponds to a netabolite. In sone

enbodi nents, the plurality of inmages are replicate

spectra t er (g f Xpef j-me I di &4 on,

t he netho%%ﬁﬁﬁgﬂgF é%ﬁ%ﬁ%?%%g'hsﬁgb ?%g_ﬁﬁg?hlﬁ%gﬁof

10 opjget groups to conbine the plurality of inages
into a single first average spectrum In sone

embodi menk#sn( f‘ét 1By e tihodimilarityepadt betwleon tii igetavestiject p,

second plura fty of i mages, where the different

C@?J,rﬁlthé ybijett gro@gles are replicate spectra
taken undér a secon ~experinental condition, the

net hod f uctihele CoRBBAR TGP, U IR E Rienatsiml i ty of

obj ect groups to conbine'the different second

pl uralitycok thd@@edinktelof 7 Hithel’e Gmendion;15 average
spectrum ‘I n sone enbodi nénts t he first experinenta

condi ti onyi § tRDSEREBaRiof3p PRRRLMDAA@BIonE- J- . NO

exposure to si RNA or a drug) and the second _

exper i Mentals (eOEshirdingR dfsp Pirehe Mg Airdénsfor?@Ad Ur bat i on
(e.g., exposure to si RNA'Or a drug). In some

enbodi ment, g a hdithafiingueBEEntet hod is performed using

the first average spectrum and the second average _.

s pechrsomercabpsimenisthe sipilasisy estrisshedvean the Faspedgive object and

. . > Ver

o BN SHR5 2P TREL D AU AR oL
refpectine bbjearmdiobis tsoaftapsi tolthar @bjebegplyy iradhe jurality @b joBjett groups

roups.to a user |nterface device, a conputer .
whenthg simailagity megidc eghsicamrthedesreriys obiest and phiggls i the first object

o . i .

o T B LA 6 ARt ot
infagy totler obenpgriospsn tileipdmiahty dflubjqet groaps.ty of 25 i nmges

e U RBT oo B BRRE, Rt ol sttt agmment
oft dWeIBINRS phudIitH O F oBREPELESS FUH eRMbSIE\Chet diﬁinﬂk%ﬁo%' dppdoach

of ali%ned images to a user interface device, a ]
capapTipes 6) selectingtil sbsembagiometivhjeqt groups impthg pharality of object

et PR R SRR by 35t Gtea o RTOEL st fprats of

oEAY ke thabire AP 1d3hé Sibcabaiatibg oPBhje&tedoups, ii) computing a
plurality of object sets. Each object set in the
sipsflarity scpte foF canky Rassibleselject c hiset gravp eorabipplietelthe gelgeted
su%%ﬁqﬁﬁ—lt%ﬁ&%f‘(%'b&ﬁgﬁd b2 Rt sEbddntbifdtion BB et %J}Lgps and (iv)
apparatus conprises a central processing unit and &
reassipiye theatletted Gobgaingsintadon b&olgjects irathe pbeceses tawgpject groups in

unit. The nory c rises instryctions for .
thaéﬁlsg@a ﬁ'&@%@’%ﬂ“&’ﬂ&% ChErogB} Based g%%@he?%&%ﬂ‘aw group
Jnitsih HAROIES ﬂfé bdsTEEflab Fd QR Ul s&RE embodiments,
Ccafr%?%b out any o tﬁe gg%ve- esgkibggﬁﬁetﬁgds.e%b?lnwns
steprsiiar(oe, anidfivg enerepediod foreatls pbjt¢tesel imdlyeplociitn of elject sets. In
nodul onstruycts,. f.or .each respectiv [ect..in a
s SuboBPERt: S On (h 5 A B Toporfaf ok & ugirtn”
subcERbIMAERP BEbBBcORbESE inFhOPRrARALS SHE Jrdipst € some
rg;gectlve oﬁggcg'ln the first object set, thereby )
erpoerimenist sters @)l and (iy) & respied tforgagh phieckist itibe plurality of
i-n.such . di_neni [ [,:SQnN ul .
Rtk S N S N
objecttgheur| ural ity of object sets, a plurality of

simlarity metrics. Each simlarity netric in the
plurality of simlarity nmetrics is between (i) the
respective object and (ii) objects in an 10 object

group in the plurality of objgct groups. The

respective object is added to a first object group in

the plurality of object groups when (i) the

s!nilari;y nptr[p betmpen ;he respect!velobjept anq



30a correspondi ng object group that contains the
respective object in the first object set, thereby
constructing a plurality of object groups, and neans

for conputing, for each respective object in an

object set in the plurality of object sets, a

pl ur g § lihar d if)i G), a8 RGY) Ak Fidedfchis¥veral ti
met r ?Léﬁrr%et %édﬁﬁalﬁ% éut%‘%/é (?)5’? Elgi gnﬁ}’ar(?ﬁy) met rﬂlecse bet ween >
ar{d gachhepetitisp ef steye(ip i) ii),and (v i foobjddbirentisnbembination of
abj ect gr.o i.n the plurality of object groups. The
RIS FERUVB ¢ IBJ'é’tﬁl %%@r‘{%’s‘a first object group in

the B i ch¥odtfneRR] @6 bpAi@iRsn WRaR d(fthd @ mprises (v) repeating
simlarity nmetric between the respective objéct and

stob @101 &ii) andt(he f61 gash objsisst irgthe phiraldy loé pbieet setsaand (vé)

Lm.arity nmetric between the respective object an
g pipe e Ry Valurelet B PRt N GERRFT L HEe R T Ra i g vatue
R Dhee6tjedive Usctidhthefdrt ktep @o). dif Batddj&eive Felcab6 BSs improved, steps
between the respective object and objects in the .
(i}.i(1s (iigpgnd div) growpeated fasa difercar abpernbingtagn elsobject groups in the
. Arl- | e
POVIFL PO, PR SOUR R TAMSY: b blEs e epmioatin
isiterngidated. LsdifeeibodimiohiCthe 9bjeuiive fufcti@i)eptionally denoted F
nbodi nents, the nenory further conprises neans for
(aligpmspt BEPeANISconput at i ons for each remai ni ng obj ect
set int I it f,0bj ect sets, e _objects
that ar el}i?g?ﬁg#élg[f@r é’%%l)é‘qjleaﬁtb.w%r oumzyr‘(gigfetﬁ%&%?o
correspond to each other. Th Sons ambodi Rent & t he
menoiwiefeur t her conpri ses neans for outputting the
plurality of object groups to a uger interface
devi ce, a conpuf @bjackaxdabl)e= st or agsﬁdﬂam a nmenory,
or a local or renpte conputeflrsygtiepsark di spl ayi ng
the plural it ] &Gt p i1l anothef, 13
enbofl JEf “h¥efinadt R e iR ioRldy bRk Fi o meder
miapnaickbsplaticeadpetyurafandbj ect sets stored on a conputer
readabl e storage nedi a. The storage nedia conprises a
firstimflpuml) -y dst (i haty=v#lQeL Dot 16He edEj)hig Wheee
plurality of object sets. The storage nedia conprises
a second plisrth¢ coordimftcnfmbiart Vialinelettarogpkiin thectG diggension;
for each respective object in a first object set.in )
t he pl ur al ispthetowsdingtstofsbiest Py v obrestgionp kny theb| € climension;
group that contains the respective object in the
first obj é&is thetgorthateedfiobp@t dpris vbjgct grnygp b ipther Bl dimgnsion;
of object groups. The storage nedia conprises a third
pl ur al i t yHpis the peerdinatd efexdbidcdrp cormbiact gpuptkon theadhdimension;
respective object in an object set in the plurality
ast obj ect sets, a plurality of simlarity metrics,
each sim kari tﬁr r$tzgi ccci ntt e plurality of simlarity
metrics b&tWsé n% 5 &P &8bect i ve object and (ii)
obj etd sorderaBodiRieatt thepuAlity ol ihegd dehdristya Bio-0lh@sional
groups. The respective object is added to a first 25
SR?BF@@taDQr oup in the plurality of object groups when

the simlarity i c. between, t f espect obj ect

and SUp et PR A3 Soder bt ats b Stefan

the simlarity metric, be en it he respective qgbject .
and obj ectisis e ERPRIET SBThdt TGPBITE $1uP kan (e X dimension;
plurality.of object.qgro .and. (.ii).coordinat . _
G 11 or ensdasgit bEeHirARe RIGE A bissf eloib ki Tk diepsion:
inthe first object.group are bel ow.threshol.d values. .
O hervi et 55 RESOOMIET SEo Bt 7 on PRGERTP S ks ¥ dimension;
plurality of object groups and the respective object

is added to the plurality of object groups. The

storage nedia conprises a fourth plurality of binary

val ues for repeating the above-described conputations

for each remaining object set in the plurality of

obj ect sets, where objects that are in the sane
obj ect group are deened to correspond to each other.



enbodi nents, additional object groups are added to
the plurality of object groups. The nethod further
conprises (B) conputing, for each respective
untreated object in a target object set in the
plurality of object sets, a simlarity netric between

oo A A58 L3Ol SALGR o

al?dpl urality of simlarity nmetrics. The object in the
arget object set that has the best simlarity score
to the tahdeinampadieinggoastpnt. s added to the target

obj ect group, apd marked. as.treated when the . .
Coor I FRGSTPRHBIRHCES PHERR T pes SBPEEECSAror ¢igensional
spedfr@fian@b] ect group are bel ow threshol d val ues.

QG herwse, a mssing object is added to the target

obj ect group if V€, € A0 6li| Wat E, (ki lafger tiac es ufedr beemd, and
the obpgip,arg the 20 tafget object group are not

bel ow t hr eshol|d {8l Wed, A HH¥HNFy object is a dumy

obj ect that inposes a penalty on the object group for

whefgl usi on of the dummy object. The nethod further
cach romar HRE b e Ut et RGBT ey of obj ect
e o heB BB Bt SR S Bt Fon
P PR R BB R PP £
Espect VS SRS BLRtRed ST SAAHEL: e R Hmsion
e SRl L 85 U RS i

urality of objects sets that remains untreated,

a:ﬂ i) designating the object group the "target object
group” angd ipghb@ndliziy ®nskst. (B) and (C) for the

target 30 object group and (F) repeating step (B) )

unt i In snembeimentsolhp elurali@redimagdsroppases avel-dipengipnal

ject sets. It will be appreciated that a "m ssing

Sp%g}rg@tan will be added to each respective object group

in the pluralityiqfy oby et r-ovps 1488t thePad @SREBEEId Shd
an ghi(Bsp Be %ai?*dgeﬁno}t Icor{ﬂ)ai ﬁ%‘an “unt rg?téed |

obj ect” w t hi n—{disghol 3 diyscarelagionf —a - tar dof , dhgrodse,
used in an instance of step (E) to construct an
wbirieect group. Cbjects that are in the sane object

group are deened to.correspond,to each {)t her. 5BRI EF
DESCRI PTI ONFet BrHE ) DR KGS: £ ydrEYa-{D1lust rat es an
apparatus _in accordance wiith an aspect of the X .
di scl osur & is the coorgingter¢f objgat |2y gh paleskerawp kip BetX dimension;
group data structure in accordance wi th an_aspect of .
the di scl ésisitke caqydinate of opjest; 7 13 objechgioppkds g dimension;
met hod for generating an initial alignment proposal _

i n accor ddnéeth@icoprdiptaeipeiectod, npbicgt sopp&undhe Y dimension;
Figure 4 illustrates a nethod for refining an initial .
al i gnnent Ypisshoeeardiggieny okiert gi, de @picsberpep kar isr Y dimgnsion;
i n accordance with, an aspect of the disclosure.

Figure 5 Mit gapmaalangsanstaftiti ve al i gnnent proposal s

that are Luyat ed: usi I ' ] :
aceor danceoar e s e Aty bR A Ab e ngRhbBINLA Bt objct
pandd wbjdop@s; 20 Figure 6 is an exenplary i mage

that is aligned wth other inages using the disclosed
syst ens anpds awfeight for the correlation term correlationy;

I; is a log intensity of object p,;
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Figure 7 illustrates another nethod for generating an
initial alignnment proposal 25in accordance with an
aspect of the disclosure. Li ke reference
nuneral s refer to correspondi ng parts throughout the
several views of the draw ngs. 30DETAI LED DESCRI PTI ON

Figure 1 gggi(]lgaiP%P?iW&r‘tyﬁ sysgem for aligning

objects ida p obj'éét sets, each object

set in the.plurali f j ects sets conprising the

obj ect's iﬂlﬁﬁg%¥¢£§%diﬂTg§'inage inaplurality of

i mggs. The system i,s pr.ef.er.abl conput e stem

e g SpioihiP i BRBEHRY Oy SR o b Tt
plagity of ijedt @r@ipeiapafothiell usihg af @Ecds sairph algodtHi@radiynamic

di sk drive, for storing software and data, the,
segtcly aigecmbination eantdporideal dgresdnieard angdritdiapmég sepreh. In

s r .

S EIRIRINIn eSS Pl IRIEPBEMhist s comesponcs
toeanétbblitpr ogr ans, data, and application prograns,

conpyising prograns and data | paded from non-volatile

st or Bgwmsrnbodamenty %RW@}% P TBRECFAL TEPLGS FREFiREken under
a iBREx R et WBA 1R me%d%ﬁﬁ&!rcoh@&ﬁfng%ﬁlg% lurality of

conprising one or nore iInput devices (e.g., keyBoar
ol &)t amgpsdo dompingyh@plumlitpofieragosinpue sidglei forst average spectrum.

A B S5 R0 B TN R apy o moees
whQETRNHERdn® Se o YRIHHt$ Hf (Baghs ardreplibie fceBa RREHARMer a
such as the Internet); 15 an internal bus 30 for

secpndexnshimental agnditien, dhomethed tfiudhes ¢ompesing using fthe plurality of

syste nd . F.esOurce 2 £ the. .
o el SoeBirB RS LR R S50pd ol BT BT el insp acinetagyeond
avefageGptdtainh. eTh Hmd@hbddimbirts 3t DRCEGetR@nty sorlitick)is aB&nce of

which is executed by a central processing unit 22,
a pyyErhationg e rosmpasire nsiBA A pig dng) Andsthesespndeirperymental

" £ ] t ragi t '

ccpitchlls BRELIACE o RreifbaABE (L PAAURMGTIAGA of 3 ). Lo some
erabddilnentsytht elipdideftanethodisrpelkformed asingde first davhmge spectrum and

varioys files and data structures used t he
0l PPl e SRR e D BRLCa S VS e LT esiey
spétr@A R 1R RYoAd PYeiil dpbr@th. | mages 46 (e.g., NMWR
spectra), in which eacﬁ i mage 46 conprises objects ‘
( e. gln sopwadrsbastimentscthe freshas usthet dvmpriseeoutputiag the plurality of

ot B8 o AaeraREriaBY RGES Rleofpiti Fealiuh SorR g e

méoryd of AN6R$ BPRGNNE coBp@et sy8Rim; 2R dispRlying06e Pluddiit$ oflobject
l'ist of objects in the respective inmage 46; _an_ |Inage.

greupm dini sevs anghndiaeny, the meghodduither copjpsisessaligaingfbe plurality of

6 et oS ARSE SRR oo
grobip€ cln sohirtenidimesis,the hetlald fusthersomprivés ddiputiingdesplurality of
a1i4g?1;ed ?I’rx]lgges to a user interface device, a computer readable storage medium, a
memory, or a local or remote computer system; or displaying the plurality of aligned
images.

Yet another embodiment provides an apparatus for aligning objects in a
plurality of object sets. Each object set in the plurality of objects sets comprises the
objects in a corresponding image in a plurality of images. The apparatus comprises a

central processing unit and a memory that is coupled to the central processing unit. The
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an optional group filtering module 56 for finding
objects in the object group that satisfy one or nore
predeterm ned criteria. 5 As illustrated in
Figure 1, conputer 10 conprises software program
modul es and data structures. The data structures

4;
A D R T
ﬁfrtliehe;&rﬁprchm an shagectampesiscranoddaen caeyargyout emnoitthe above-

al ai gdgrizle p E}plrggslt?l%lengl Sgbu%g@gbﬁ%ﬁﬁég? cc%gpanson module

Ecﬁlsﬁ'ﬁétg’ 18! ed Htr@sg)@ cﬁ%c)t in Qﬁrs@ﬂbj@& skl Men@PRtky 6Bbbject sets, a
processi ng dat abase (MDX and/or variants
tdrespofding object grdn[p Senenemirdte repective ofeht ofthd hist object set,

f tioned dat t t i ngl t <
BeRhE Fare O s erru mpoaeroe dBeitat S8 Retimeas. o
irf[hgte R pSNPRTh Bl & cOpiRd, ifbYeaeh rdpéRive bblet Mra@biect set in the

23 dat abases, files, archives) that my or nay
Ivim 1 Of dbgechoxss, eajplbs,:ﬂhBSOE fheilgr@trendoe Utash siatlariy rnetnc in the

sonme _enbo nent |tor
SRR Gab R e SRR B Ty A ORISR St o o
SHERYERD 1 Cheaf GOty 8N0IYBE pOdupsDTBe LRPFHE OB; et:mtad@erdem a first
addressabl e by conputer 10 across w de area_network

ahiedt graaprie thejurafinust ob) pet somves sviss G fengsil araibrwl%?w befareen the

t. t
r%%D%EEYe &)Jli‘"% ra]:g% 0%% L t1§£ﬂé gﬁxts%kgg’ct %%glpquéﬁe)r tﬁ‘a%l 23 n’p {Anty metric
lﬂe@w@dﬁdh@fd@péctﬁe rabitce kisd ()lﬁj adts 2yl dilug obRiegroirp uﬁhg lph&ahty of
1) that are addressabl e nputer 10 across

abyaskproaps apdiel dhe aowém@rﬁff%r&meé rbeY‘quP)thf'aWéPeP@ﬁ%?@F‘? and

BB oo SISy BRI TGS Bt st
@dm:if radadl © thy phoaiptytefobjbtt gonssed thorespocting bbjf:cm; ddded to the

are .network or Internet 34. e case. of . t he
J&E BTy TE@ lm%ewwmwna&qﬂﬂl%ﬁggwq%tsewwwm for
r&;tla%nﬁg gf%ﬁ%ﬁgnglslté%F 4@ cininkg04H; &t L1etGR 'Hleathﬁx%haﬂffeo,bj ect sets.

[‘ocat nore renote COI’TpUt ers. For' exa
Ohjedntiet awipo dicrmmesolijtn ghivpcire deadnadst lvodsspane to each other. In

SR HIRERES FHh R R RS ooy guetions fo
gm@tﬁrg SO BIARAY & oDRecRPELPS toabhRE intdrfdck G6ViDg aBeehpueer readable

can reside on a client conputer that is in
sorgrMEd B, o Memiarli, eloegtlar rapogicamputenayskergr digplaying the

di ments, for exanple, 30 inmage conpari son
pﬁggﬁWéﬁggﬁ:gﬁoﬁggan i nteractive web page. In view of
the fwmegeimRgex ¢ afnbadgeeirooided dreapgatanssibr alegnargsbjects

and software nmodules illustrated in Figure -1 on one
ipp PHEHEY 06 ﬁ’@]@tlTeﬁ*eéS ivdhoig eaeh @biagbses Holhe rhralithof gpissesets
' 0t t
DHFRS 55k 319 P LET0 AL AL UEHUSER B0 e sppmars
cempHs@tah@ntralcirossssitgt wor dnd3dmenolyy c@,t}i‘]mf to&heecdnltlahj)mcessing
means. Thus, the present |nvent|on fu g asses
uBity d §a AR FORPTEBHHETS{O53ASEEsHARE the P hurd lfBe H%E%ﬁsgis means for
é&%@ﬁﬁ% SYSHf s ﬁ@e Qg%tq{? %rﬁrgt 0%?40@%@[% th-ELHIEEaﬂg/ diDbiect sets,
igure 3, an exenplary process for aligning o
aicorrespagémgiobjedi gnd@sthat coﬁﬁmmihé’aﬁﬁpedtwe sbept ﬁiﬁﬂe fimt object set,
rality of | 46._i S aobtai ned. qI]g?s 46 ar.e y
of each

I

ﬂ%aff wepiletped BRI ﬂ%?%%ﬁfwseﬁadgne RSrEne,

rds tﬁf@%‘ﬁ{e@é rORSebie&cR: I RIBLAGiWol bbiB@&\etsda ﬁl%kdli%}? bt Qhitarity
of objects, referred to herein as an object set

mbr@oseeh sirtypityahétyic it ﬁ@r}:éuzlabtyaofcsanﬂ@‘stp@mmmtween (i) the
bet ween. obj ec i n.one. |na e 46 in.t lurality.o

P ReRyes O 5] oL BOP ke s Mg of obiell groups
plurality of imges. For exanple, in sone 10
enbodi ments, the inages are nuclear magnetic
resonance (NVR) inmages of sanples taken from an
oyganisnyat_@ifferent tinelpoints, mhere ind!v!dga
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In some enbodi nents, each image 46 in the plurality

of images is a two- dinensional nuclear nagnetic
resonance (NVR) spectrum a three-dinmensional NWVR
spectrum or a four-dinmensional NVR spectrum and the
objects in the plurality of inages are peaks in the
TheeespedtbRsibfoeals, addbd fex His0BbisttQ@Ralp inGhe plurality of object groups
four di mrensi gnal NMR 25 spectrum_ I n sone

& thestinglariiymetyg betwegn |ﬂi*P reprecHy P Ripstapd obiecdy Ehs first
ob Rt B Erhat MY AR (FUIBBETE AR A IS pa

objpetstin by otaelrmb]m‘t gedugpain thQ)lOfBiﬂt}ebﬂblﬁebt @€SPY hind (ii) coordinate
ectru ted ( SECSY) .spectrum

spi n-echq .corr
differgnesy, E%rW@slh éﬁ%ﬂscw%%r%@n R%@sarvm}ec%%o bigsé grqugigre below
e GRS £k e Bk ST RNAO I D b
ZYOROESY] thepespecting otgedt ot alded 'y ﬁEII‘an abject EEBBY)n some

BB, B B SO B G s Saons
e QAEH RGEninEIVReEt @@ REELE Waral ?Mbﬁfe@@é@ QAEreBH; écrd%&t are in the

bond correlation (HVBC) spectrum™ a two-di nenSi onal
saies ebjeriupwntre dormed b ¢<m¢sp<(ndatr@@¢ky otbpre dnsome embodiments, the

m%&%g' ?mﬂ{ég ?Er)rreﬂ %elglnt %%@9 LA Q‘g g{r%%)f ogﬁgtcgtr%}ﬁ}isp to a user

iriterRge sledioe of cdnﬁ;mt@ﬁemle Stdil‘égélhie@iﬂmﬁ la8ndidry, bia fod&ltor remote
limted to "viewable" im image 46 W thin the

CUEPHEr BBty Or gispluie ﬁhﬁvhﬁrﬂr% ﬁf ebisci#Eoupsdat aset t hat
5 €O { 'aﬁ@lfielsé'l'fﬂg%frn@lglt rb@rldgé' Mrﬁp%ﬂaeﬁsofo? Eﬁ%uﬁ%ﬁbjmm a

vi ewabl e 1 mage case
plepaity pfiobj earsetsrs&ged 46 aa:ampbter tdadalslak@rageankedia ’f]ﬂeeﬁbﬁge media

t he, NMR rather than_the NVR spect el f
ooy AR S vAReH Fr oeSna i It of qhgect scts.
Tﬂé %ﬁ,f',%% rhd WL R seq sbr%a%%mﬂﬁtyl JF iy SANEs fREIRrulbng, for

spectra itself In"some"enbodinents, there are
e@haﬂsmgmg? ohjedd dis a fBst@bjarbsat in ﬁng:éls'ahtymf ®@bjetOsetsn aeorre3pond1ng

10 Lit
ot gESn Gt R Ea e O e g S bl st
cdistrueeiy Zplanditl 606b jeaaﬁegjso IThe @fotadeaeli® BOmpARE @Shi @ plurality
be aligned. In sone enb ments, an image 46 is a one
ofdhipavSRBIeA fongrmmisas: for agchrespastive Phipeliin A PbimFct in the

TR i ——
plu&énﬂy bﬁsmﬁlaﬁt;amem Yetfech mtﬁ ﬂi&re@ﬁd@ﬁﬁﬂﬁbjﬁt@ﬁd(@u) objects in an
Inen S an | nage 1.S

ectra. Some en‘g
obi6e} Eap LI RlaFaliss b G ZIPDS: @edﬁrpgcr%@a%m%d to a first

AT B Pﬁ‘%itﬁ%ﬂﬁ‘ﬂ%a% G AGHEL BRI Rl Yben the
reppessive pbett owathjgcts X-thafirst D]pjebagﬂong iscdttgr than the similarity metric
T TR I I
o@aatsg%@% 200 (WP SRRR BLedn <l b%ﬂﬁeeﬁrtﬁ@fé@ﬁ&n'vé‘ objf3€t and objects

order of sone varyl ng characteristic suc
inthe 8Fss 0gicht Sionp srebelew dhgshold malsesreOtbaiydsk, mmqbﬁtdh group is

el e i AR 88 B AR ety ot B 120 B¢ e Bruratity
ofssWjE:t gidiRei ThBkrageQnEdik BB@BHsds™ bieh leﬁrﬁy ot Bin@fy values for

I mages represent measur enents taken of a biol ogica
reﬁaaﬂér ¢ pbnvicotrscibrslcgompulptions fer eselheamainingobjechsee i the

t Kk

PR S eb ke iR B 5 e SRS UL REERb fp b Rmed o
ccerdspmhmtardash othereln mmbmmhﬁs }ﬂhdﬂo&hpdt@t reddableBg®age media

represent neasurenents taken of biol ogical sanples

from organi sns that have not1been exposed to a

perturbation whereas other images in the plurality of

i mages represent measurenents taken of biol ogica

sanpl es from organi sns that have been exposed to a 30
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The perturbation can be environnental or genetic.
Exanpl es of environnmental perturbations include, but
are not limted to, exposure of an organismto a test
conmpound, an allergen, pain, hot or cold
tenperatures. Additional exanples of environnmenta
cop@frise§ B EhPhSralifyCdftiiturslvaued Br Qutpatthiodhe plakaligy QE otﬁéct groups
| ow f at dlet) sl eep 5deprivation, isolation,
toguiset nntfgrfa@g daVlﬁ%taLnompu@ﬁmd@hWémr@ge medipged tr@m(ow @r a local or

repe r{%orr}’%% ¢ sfefng )é?d%gﬁﬁ%% Ef f&b&]&i‘? gg&%p 5 t he
u s e sﬁll mﬁermﬂﬁdﬁﬂm prcbxnadfscuiuem@ foralighing lobm:’el if @fplurality
pr edet er m_ned gene OEW%?ne pr oduct ,

Ofr@bEiCﬁ §9ts-NE#h ehiecs Geten ey et cognmieps a plurality of
AP Bo i Afageh » NPy of R, ulh b B B  coch

o&mmpmwﬂﬂprQMadpeﬂ$aﬁhatmﬂpnmsk@MﬂQBMtswﬁoThedmﬂgd@nnmnmm

| |
(A BT D s Facip stV o o8 5 S 9Bt 1 FLRe PRty of object

se'l;sn & |cH§§spoQ&‘1§1g b cf‘ Slou; #) kB t8Rtain® thd RGREEGYject 3 ﬂﬁff}fst object

he Li pinski ule of Five: (i) not nore than five

sehyhh*e@ecprtsb'n@m:gmpiwﬂl(qeo@ebj e@ﬂf ‘3—1]13 Misl dgsanibed pelog, i typical

erpoaifiPhS AR E ik GRS A e 3 FE RN SRRw {of ofiecliBfis. The

méth¥d fidtHed @&nﬂﬂé’@r acoﬁb@tmgq%ﬁaa@ﬁ rdspd@ive ufitré@eCebib&dn a

because three of four criteria 1 nvolve the nunber
targel, ebjectesst ml_th?;phga&ﬁy of gbipct satsya Slmlﬁgltsmletrwweez@ target
f
ot S5 06 SO L SPLORIB Sl U SRGE, 1548 el

co@@};ﬂjtﬁxg arplimaht;n i s Karits rivuties. O'fhd:cbb]&t atme itargesodiect E@rthat has
exanp in sone enbodi nents, the s nol ecul e has
the g Samﬁrrgwé?ora F%ﬁwar@ewmw ZrQUj§ @ edftemertazg@t object group

arfdBAREd s FrbREE whid ﬂa%ecoefdlﬁa%"af E%ﬁ%%eéﬂ mg%b{ee{ arfdYRe
or he

ewer aromatic rings. I'n sone e I ments

tagetbbjectdrevpiire bebvatiyesholgavilwesc Gtpowisd, hanissing @bject is added to
ht, of, | ess th

| |
RIS Rt PR B O HBAB GRS PSP eR e ebisgtgnd the
tallePSe S eB o are e belb® thSR3IH h¥las. pAHﬁJﬁélh% ¥bjett i9Rld8RImy object

sets 50, each object set 50 conprising the objects

th@!tlmploaesaa pBalip ondpohient moumisy @c&l@qumftth@dmmbﬁqcy The

gl BRUES sorRrS QT FRRSOER bt o U8} o fy Bpmeiine

OU] &t aetﬂﬁaﬂfe plaradify bM}bJscn@efs ithirehy Sopuldting hlhé ) bb]%@ﬁgroup The
set was obtained. I n sone enbodi nents, ﬁeak is a
mﬁfbeérfurﬁw cammTIgRs: (M) iensaiipg dersorumting sgp (Bhios egirremaining

re%%gfi ye Object %ﬁ%{{' ﬁlt%:@?ﬁ.l{é;%? ﬁﬁ/ﬁb @ts?[p&g)g r \Hfg&r% zha{res ectlve Ob_] ect

grbop isedeaiynhed aa tim)tafg&c alhj emtagrom rﬁnktppmsl@hld@yluﬁer@ﬁ ﬂmeamt:ﬁxod
r mlljion 0,4 n1for t proton and
?WH}S&%&%E@@ Hew& Wm%aﬁeﬁﬁﬂlmvng an object group
foPhY 65RECHR éﬁ@giu%lty' oe6h E&s Qhk %a@ ré}ﬁmﬂsbduﬁféfateﬁe(n) deQE?uﬁmg the

correspon I mage. or exanp e, I n enbodi nents

ohjts igeouphbe [ tm Objﬁchglﬂw &ﬁbmrfmng:ﬁw@b pohel) for the target

tﬁé‘g %g@{,{)ﬁag@i%y spe {f%}:{ @Q( B k 5 Ir}}g‘fr%flt%i c?tzgiac% Sémains in the plurality

ofjdck 9&@! R)mngﬁz pbbéc E&t&ﬁmﬁmﬁ%ing oBlecElwill bkHAded tb each

Bi onol . NMWR each of which is hereby
refpRSbY p Obigetegrony in Ge @hé‘ﬁlef@ dHebigchgrouphthplecogrssppbnds to an object

{ ctr
sob P BES ol R e b N A BTG e obect
I ntegration Software package (UCSF, San Franci sco
California), ANSIG (Kraulis, 1989, J. Magn. Reson.
24, pp 627-633; 51 Craulis etlal., 1994, Biochem stry
33, pp 3515-3531), NWRView (One Moon Scientific,
Inc., Newark, New Jersey), and XEASY (Bartels et al.
1995, Journal of Bionolecular NVR 6, 1-10), each of
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20 Exenplary objects sets 50 for actual NMR spectra
taken fromthree replicates of a biological sanple
are provided in Tables 1 through 3. In accordance
with Figure 6, in these tables, "W is the coordinate
of the object (peak) in the NVR spectrumin the first

usbdR Bs ifance Westep (K@ offhdt AabEie@iorblie Ob@S that RRAK the
in the NNVfR spectrumin the seconfrdl mensi on, and
samenplapdigroup arg deeracd torcomsinopdde cedheotb®s} ect . Such
intensities are 25 used in sone enbodi nents. In fact,
the object sets for the actual NWVR spectra contain
many nore objects that are not listed in the
following tables. Table 1. Object set for a first

t wo- di mensi oRBIEKIRESEREZ FIONQF TH DRAWINGSS ¢ y
o1. SF%ébgnggra%s 2 L8 Bark b iPiecdln B3RP Bn 2Geddctind disclosure.

648)

Figure 2 illustrates an object group data structure in accordance with an aspect

of the disclosure.

Figure 3 illustrates one method for generating an initial alignment proposal in

accordance with an aspect of the disclosure.

Figure 4 illustrates a method for refining an initial alignment proposal using a

greedy search algorithm in accordance with an aspect of the disclosure.

Figure 5 illustrates alternative alignment proposals that are evaluated using a
greedy search algorithm in accordance with an aspect of the disclosed systems and

methods.

Figure 6 is an exemplary image that is aligned with other images using the

disclosed systems and methods.

Figure 7 illustrates another method for generating an initial alignment proposal

in accordance with an aspect of the disclosure.

Like reference numerals refer to corresponding parts throughout the several

views of the drawings.

DETAILED DESCRIPTION
Figure 1 details an exemplary system for aligning objects in a plurality of object
sets, each object set in the plurality of objects séts comprising the objects in a
corresponding image in a plurality of images. The system is preferably a computer

systermn 10 having:

13



10

15

20

25

30

625) 715.960651 56.7061 ( 645) 3.22082 ( 628)
594. 922013 63.5463 ( 610) 3.8866( 577) 528.789563

W w2

a central processing unit 22;

a main non-volatile storage unit 14, for example, a hard disk drive, for
storing software and data, the storage unit 14 controlled by storage
controller 12;

a system memory 36, preferably high speed random-access memory
(RAM), for storing system control programs, data, and application
programs, comprising programs and data loaded from non-volatile
storage tinit 14; system memory 36 may also include read-only memory
(ROM);

a user interface 32, comprising one or more input devices (e.g.,
keyboard 28) and a display 26 or other output device;

a network interface card or other communications circuitry 20 for
connecting to any wired or wireless communication network 34 (e.g., a
wide area network such as the Internet);

an internal bus 30 for interconnecting the aforementioned elements of
the system; and

a power source 24 to power the aforementioned elements.

Operation of the computer 10 is controlled primarily by an operating system 40,

which is executed by a central processing unit 22. Operating systern 40 can be stored

in system memory 36. In addition to an operating system 40, in a typical

implementation, a system memory 36 includes:

a file system 42 for controlling access to the various files and data
structures used by the disclosed systems and methods;

an image depository 44 comprising a plurality of images 46 (e.g., NMR
spectra), in which each image 46 comprises objects (e.g., peaks or other
features) that are to be aligned;

an image processor module 48 for analyzing images 46 and extracting,
from each respective image 46, a corresponding object set 50 that
contains a list of objects in the respective image 46;

an image comparison module 52 for aligning objects in the object sets
50;

14
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intensity 72.5363 ( 564) 3.39053 ( 615) 501.989851
63.5463 ( 610) 3.71689 ( 590) 493.036187 66. 087(
597) 4.00409 ( 568) 476.160778 38.3352 (

» aplurality of object groups 54, where each object group 54 is for a
corresponding object that is present in all or some of the images 46; and
e an optional group filtering module 56 for finding objects in the object

group that satisfy one or more predetermined criteria.

As illustrated in Figure 1, computer 10 comprises software program modules
and data structures. The data structures stored in computer 10 include image depository
44, images 46, object sets 50, and object groups 54. Each of these data structures can
comprise any form of data structure including, but not limited to, a flat ASCII or binary
file, an Excel spreadsheect, a relational database (SQL), or an on-line analytical
processing (OLAP) database (MDX and/or variants thereof).

In some embodiments, each of the aforementioned data structures is a single
data structure. In other embodiments, such data structures in fact comprise a plurality
of data structures (e.g., databases, files, archives) that may or may not all be hosted by
the same computer 10. For example, in some embodiments, image depository 44 and
the images 46 in the depository are stored either on computer 10 and/or on one or more
computers that are addressable by computer 10 across wide area network or Internet 34,
Thus, in some embodiments, any of the aforementioned data structures can be (1) stored
on computer 16, (ii) stored on a combination of computer 10 and other computers (not
illustrated in Figure 1) that are addressable by computer 10 across, for example, wide
area network 34, or (iii) are remotely stored in their entirety on one or more other
computers (not illustrated in Figure 1) that are addressable by computer 10 across, for
example, wide area network or Internet 34.

As in the case of the data structures, it will be appreciated that many of the
modules illustrated in Figure 1 can also be located on one or more remote computers.
For example, in some embodiments the disclosed methods are implemented as web
service services. In such embodiments, image processor module 48, image comparison
module 52 and/or object filtering module 56 can reside on a client computer that is in
communication with computer 10 via network 34. In some embodiments, for example,
image comparison module 52 can be an interactive web page.

In view of the foregoing, any arrangement of the data structures and software
modules illustrated in Figure 1 on one or more computers is within the scope of the

present invention so long as these data structures and software modules are addressable

15
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739) 3.3122( 621) 462.246448 57.2924 ( 642) 3.69078
( 592) 446.185508 53.7746 ( 660) 3.12944 ( 635)
436. 300304 79.3765 ( 529) 3.39053 (

with respéct to each other across network 34 or by other electronic means. Thus, the
present invention fully encompasses a broad array of computer systems.

Exemplary computer systems have now been disclosed. Turning to Figure 3, an
exemplary process for aligning objects in images is disclosed.

Step 302. In step 302, a plurality of images 46 is obtained. Images 46 are any
data structure that includes objects. In typical implementations, each image 46 will
have a collection of objects, referred to herein as an object set 50. Moreover, typically,
there is a correspondence between objects in one image 46 in the plurality of images
and objects in other images 46 in the plurality of images. For example, in some
embodiments, the images are nuclear magnetic resonance (NMR) images of samples
taken from an organism at different time points, where individual objects in the images,
peaks, represent metabolites in the samples. Thus, a first NMR image may have a peak
for a first metabolite in a first biological sample and a second NMR image may have a
peak for the very same first metabolite in a second biological sample. In such an
example, the peak for the first metabolite in the first NMR image corresponds to the
peak for the very same first metabolite in the second biological sample because both
peaks represent the same metabolite. The problem presenied in the art is that the
coordinates of the peak for the first metabolite may shift from spectra to spectra
because of a variety of factors including minor variations in the experimental
conditions under which the spectra was measured, pH of the sample, efc.

In some embodiments, each image 46 in the plurality of images is a two-
dimensional nuclear magnetic resonance (NMR) spectrum, a three-dimensional NMR
spectrum, or a four-dimensional NMR spectrum and the objects in the plurality of
images are peaks in the two-dimensional, three-dimensional, or four-dimensional NMR
spectrum. In some embodiments, an image 46 in the plurality of images is a 2D nuclear
Overhauser enhancement and exchange (NOESY) spectrum, a two-dimensional J-
resolved (2D-J) spectrum, a homonuclear 2D correlated (COSY) spectrum, a 2D spin-
echo correlated (SECSY) spectrum, a relayed coherence-transfer (RELAYED-COSY)
spectrum, a '"H-">N COSY spectrum, a 'H-3!P COSY spectrum, a '*Cd-"H COSY
spectrum, a rotating-frame NOE (ROESY) spectrum, a total correlation (TOCSY)
spectrum, a heteronuclear single quantum correlation (HSQC) spectrum, a
heteronuclear multiple-quantum coherence (HMQC) spectrum, a heteronuclear multiple

bond correlation (HMBC) spectrum, a two-dimensional heteronuclear correlation
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615) 415.757730 92.2752 ( 463) 4.0302( 566)
402. 909618 46. 1526 ( 699) 3.76911 ( 586) 362.580631
89. 7345 ( 476) 6.11894 ( 406) 362.220957 54.9472

(HETCOR) spectrum, a double quantum filtered correlation (DQFC) spectrum, or a
two-dimensional INADAQUATE spectrum.

The images 46 of the present invention are not, in fact, limited to “viewable”
images. An image 46 within the scope of the present invention can be a dataset that
comprises sufficient information to create a viewable image. For example, in the case
of an NMR spectrum, an image 46 can be the data used to create the NMR spectrum
rather than the NMR spectrum itself. Such data can be manipulated in the methods of
the present invention as images 46 in the same manner as the NMR spectra itself.

In some embodiments, there are 2 or more images, 5 or more images, 10 or
more images, or 100 or more images in the plurality of images to be aligned. In some
embodiments, there are between 2 and 1000 images or less than 500 images to be
aligned. In some embodiments, an image 46 is a one dimensional NMR spectrum, a
two-dimensional NMR spectrum, a three-dimensional NMR spectrum, a four-
dimensional NMR spectrum or the data that can be used to generate any of the
aforementioned spectra. In some embodiments, an image 46 is a two-dimensional
spectrum, or the data necessary to create the two-dimensional spectrum, obtained from
a process other than NMR, including but not limited to, mass spectrometry, X-ray
crystallography, an astronomical sky survey, and electrophoresis. In some
embodiments, an image is an array of components of an emission or wave separated
and arranged in the order of some varying characteristic such as wavelength, mass or
energy. In some embodiments, the plurality of images obtained in step 302 is stored in
the image depository 44 illustrated in Figure 1.

In some embodiments, some images in the plurality of images represent
measurements taken of a biological sample from one spectes whereas other images in
the plurality of images represent measurements taken of a biological sample from
another species. In some embodiments, some images in the plurality of images
represent measurements taken of biological samples from organisms that have not been
exposed 1o a perturbation whereas other images in the plurality of images represent
measurements taken of biological samples from organisms that have been exposed to a
perturbation. In some embodiments, some images in the plurality of images represent
measurements taken of biological samples from organisms before they have been
exposed to a perturbation whereas other images in the plurality of images represent
measurements taken of biological samples from the same organisms after they have

been exposed to a perturbation.
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( 654) 3.25998 ( 625) 352.381942 75.6633 ( 548)
3.19471 ( 630) 346.322361 73.318( 560) 4.50017 (
530) 320. 788939 78.7902 ( 532) 3.46886

The perturbation can be environmental or genetic. Examples of environmental
perturbations include, but are not limited to, exposure of an organism to a test
compound, an allergen, pain, hot or cold temperatures. Additional examples of
environmental perturbations include diet (e.g. a high fat diet or low fat diet), sleep
deprivation, isolation, and quantifying a natural environmental influence (e.g.,
smoking, diet, exercise). Examples of genetic perturbations include, but are not limited
to, the use of gene knockouts, introduction of an inhibitor of a predetermined gene or
gene product, N-Ethyl-N-nitrosourea (ENU) mutagenesis, siRNA knockdown of a
gene, or quantifying a trait exhibited by a plurality of members of a species.

In some embodiments, a perturbation is exposure to a drug or small molecule.
Non-limiting examples of small molecules that can be used for such perturbations
include, but are not limited to, those that satisfy the Lipinski's Rule of Five: (i) not
more than five hydrogen bond donors (e.g., OH and NH groups), (ii) not more than ten
hydrogen bond acceptors {e.g. N and O), (iii) a molecular weight under 500 Daltons,
and (iv) a LogP under 5. The "Rule of Five" is so called because three of the four
criteria involve the number five. See, Lipinski, 1997, Adv. Drug Del. Rev. 23, 3, which
is hereby incorporated by reference herein in its entirety. In some embodiments,
criteria in addition to Lipinski's Rule of Five are imposed. For example, in some
embodiments, the small molecule has five or fewer aromatic rings, four or fewer
aromatic rings, three or fewer aromatic rings, or two or fewer aromatic rings. In some
embodiments, the small molecule is any organic compound having a molecular weight
of less than 2000 Daltons.

Step 304. In step 304, the plurality of images are processed in order to identify
a plurality of object sets 50, each object set 50 comprising the objects 200 in a
corresponding image 46 in the plurality of images. In some embodiments, the plurality
of images are NMR spectra and an object in an object set is a peak in an NMR
spectrum from which the object set was obtained. In some embodiments, a peak is a
local maximum within a predefined range in a NMR spectrum. In the case where the
spectrum is a two-dimensional "H-3C NMR spectrum, a peak can be, for example, a
local maximum bounded by 0.03 parts per million (ppm) and 0.4 ppm for the proton
and carbon dimension, respectively. Conventional processes can be used to obtain an
object set from a corresponding image. For example, in embodiments where the image
is a NMR spectrum, conventional programs such as Topspin (Bruker, Billerica,
Massachussetts), VNMR (Varian, Palo Alto, California), and NMRPipe (Delaglio ef al.,
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Table 2. (Cbject set for a second two-di nensional NWVR
spectrum w W2

1995, J. Biomol. NMR. 6, 277-293), each of which is hereby incorporated by reference
herein, can be used to process the spectrum. Moreover, conventional spectral analysis
programs such as the Sparky Assignment and Integration Software package (UCSF,
San Francisco California), ANSIG (Kraulis, 1989, J. Magn. Reson. 24, pp 627-633;
Kraulis er al., 1994, Biochemistry 33, pp 3515-3531), NMRView (One Moon Scientific,
Inc., Newark, New Jersey), and XEASY (Bartels ef al., 1995, Journal of Biomolecular
NMR 6, 1-10), each of which is hereby incorporated by reference herein, can be used to
assign peaks in a processed NMR spectrum to individual molecular constituents in a
sample from which the spectrum was measured using techniques such as peak picking
and support of sequence-specific resonance assignments, cross-peak assighments,
cross-peak integration and rate constant determination for dynamic processes. In some
embodiments, the foregoing processes are performed by image processor module 48 of
computer 10 (Figure 1).

In an example of the methods, consider the case in which three two-dimensional
NMR spectra are taken from biological samples taken from a C57 mouse strain.
Referring to Figure 1, the three two-dimensional NMR spectra are examples of images
46. An example of one such two-dimensional NMR spectrum is illustrated in Figure 6.
Upon completion of steps 302 and 304, three object sets 50 will be created, each
containing the peaks found in one of the three two-dimensional NMR spectra.
Exemplary objects sets 50 for actual NMR spectra taken from three replicates of a
biological sample are provided in Tables 1 through 3. In accordance with Figure 6, in
these tables, “wl is the coordinate of the object (peak) in the NMR spectrum in the
first dimension, “w2 is the coordinate of the object (peak) in the NMR spectrum in the
second dimension, and “intensity” is the intensity of the object. Such intensities are
used in some embodiments. In fact, the object sets for the actual NMR spectra contain

many more objects that are not listed in the following tables.

Table 1. Object set for a first two-dimensional NMR spectrum

wl w2 intensity
51.8202 670) 3.20776 ( 629) 728.739938
56.1198 { 648) 3.259%8 { 625) 715.960651
56.7061 { 645) 3.22082 [ 628) 594.922013
63.5463 ( 610) 3.8866 ( 577) 528.789563
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intensity 52.3218 ( 668) 3.19261 ( 631)

56. 8168 (

645) 3.23178 (

628)

610) 3.89756 ( 577) 670.259825 63. 657(

743. 813993

695. 304989 63. 657(

wl w2 intensity
72.5363 (  564) 3.39053 ( 615) 501.989851
63.5463 (  610) 3.71689 ( 590) 493.036187
66.087 ( 597) 4.00409 { 568) 476.160778
38.3352 (  739) 3.3122 ( 621) 462.246448
57.2924 ¢ 642) 3.69078 ( 592) 446.185508
53.7746 {(  660) 3.12944 ( 635) 436.300304
79.3765 (  529) 3.39053 ( 615) 415.757730
92.2752 (  463) 4.0302 ( 566) 402.909618
46.1526 {  699) 3.76911 ( 586) 362.580631
89.7345 (  476) 6.11894 ( 406) 362.220957
54.9472 (  654) 3.25998 ( 625) 352.381942
75.6633 (  548) 3.19471 ( 630) 346.322361
73.318 (  560) 4.50017 ( 530) 320.788939
78.7902 (  532) 3.46886 ( 609) 299.606817
79.3765 (  529) 3.48191 ( 608) 286.014891
77.2267 (  540) 4.78737 ( 508) 285.716954

Table 2. Object set for a second two-dimensional NMR specitrium

wl w2 intensity
52.3218 { 668) 3.19261 ( 631) 743.813993
56.8168 ( 645) 3.23178 ( 628) 695.304989
63.657 { 610) 3.89756 ( 577) 670.259825
63.657 ( 610) 3.72785 { 590) 638.737466
72.647 ( 564) 3.40149 ( 615) 636.052566
53.8853 ( 660} 3.1404 ( 635) 627.377496
92.3859 ( 463) 4.04116 ( 566) 600.827085
79.4872 ( 529) 3.40149 ( 615) 589.767890
75.774 | 548) 3.21872 ( 629) 521.271566
56.2305 | 648) 3.27094 ( 625) 498.680607
66.1977 ( 597) 4.01505 ( 568) 489.310996
38.6414 ( 738) 3.29705 ( 623) 461.543027
79.4872 ( 529} 3.49287 ( 608) 430.253000
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610) 3.72785 ( 590) 638.737466 72.647(

564) 3.40149

( 615) 636.052566 53.8853 ( 660) 3.1404( 635)
627.377496 92. 3859 ( 463) 4.04116

wl w2 intensity
46.2633 ( €99) 3.78007 { 586) 388.366533
89.8452 ( 47%6) 6.14296 ( 405) 373.252446
55.0579 ( 654) 3.27094 ( 625) 361.924107
73.4287 ( 560) 4.51113 { 530) 338.047%62
57.2077 | 643) 3.66258 ( 595) 331.262085
17.3374 | 540) 4.79833 ( 508) 302.465531
55.4488 ( 652) 4.75817 ( 511) 286.376034
Table 3. Object set for a third two-dimensional NMR spectrum

wl W2 intensity
50.7063 ( 676) 3.25083 ( 627) 1273.478624
38.19885 740) 3.39443 ( 616) 881.742160
57.1557 { 643) 3.74691 ( 589) 710.3135319
56.7648 ( 645} 3.22472 { €29) 703.270792
72.3996 ( 565) 3.40749 ( 6©l5) 700.766781
78.6535 | 533) 3.48582 ( 609) 639.906221
56.1785 ¢ 648) 3.26389 ( 626) 568.174912
63.605 610) 3.73385 ( 590) 556.711399
63.605 010) 3.80306 ( 577) 553.028188
98,7832 { 430) 4.64768 ( 520) 550.376595
66.1457 | 597) 4,008 { 569) 506.233668
76.8946 ( 542) 3.25083 ( 627) 488.875372
94.8745 ( 450) 5.23513 ( 475) 399.728237
89.7932 { 476) 6.12285 ( 407) 390.148245
73.3767 | 560) 4.50407 ( 531) 380.323277
74.1585 558) 3.53803 ( 605) 369.794459
39.762 732} 2.24563 (1 T704) 366.979890
46.2113 699) 3.77302 { 587) 353.897640
74.1585 556) 3.83829 ( 582) 340.005184
55.0059 ¢ 654) 3.27694 ( ©625) 336.948278
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( 566) 600.827085 79.4872 ( 529) 3.40149 ( 615)
589. 767890 75.774( 548) 3.21872 ( 629) 521.271566
56.2305 ( 648) 3.27094 ( 625) 498.680607

The steps described below use the object sets, such as those illustrated in Tables
1-3, to align the objects and, ultimately, in some embodiments, the images from which
the object sets were extracted.

Upon completion of step 304, a plurality of object sets, one for each image in
the plurality of images, is created. However, conventional processes described above
do not provide satisfactory alignment proposals that align the objects in one object set
50 to the objects in another object set 50. Since each object set 50 represents an image
46, such conventional processes described above do not provide satisfactory alignment
proposals that align images 46 onto each other.

An alignment proposal is a proposal to assign correspondence object pairs for a
set of images: if a pair of objects is proposed to represent the same observable (e.g., a
pair of peaks in two different NMR spectra is proposed to represent the same
metabolite in two different biological samples), this pair of objects is deemed to be
corresponding (and are therefore aligned). An alignment proposal follows two rules.
First, the “corresponding” assignment is fransitive: if object 1 and object 2 are
corresponding and object 1 and object 3 are corresponding, than object 2 and object 3
are corresponding. Second, if a pair of objects consists of two different objects from
the same image 46, than they are deemed to be non-corresponding, because within a
single image 46 different objects are considered to represent different observables (e.g.,
different metabolites).

The alignment proposal rules imply that any object 200 in an image 46 cannot
be deemed to be corresponding (aligned) to two objects in another image. It is clear
that an object is always corresponding to itself and, furthermore, that if object 1
corresponds to object 2, than object 2 corresponds to object 1. Therefore,
mathematically, this corresponding assignment can be viewed as an equivalence
assignment. The remaining steps illustrated in Figure 3 describe methods for producing
an initial alignment proposal. The steps illustrated in Figure 4 describe methods for
refining the alignment proposal. Figure 7 illustrates an alternative method for
producing an initial alignment proposal which can then be refined using, for example,
the method illustrated in Figure 4. The steps illustrated in Figures 3, 4, and 7 or logical
equivalents or combinations of such steps, are performed by image comparison module
52 in some embodiments. |

Step 306. In step 306 object groups are constructed. An object group is the set

of all objects assigned to the same observable (e.g. a metabolite or other compound, efc.)
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66.1977 ( 597) 4.01505 ( 568) 489.310996 38.6414 (
738) 3.29705 ( 623) 461.543027 79.4872 ( 529) 3.49287
( 608) 430.253000 wl

by an alignment proposal. An object group satisfies two rules. First, if two objects are
deemed to be “corresponding,” they are in the same object group. Second, any two
objects in the same object group are deemed to be “corresponding.” Therefore, given
this and the rules regarding alignment proposals above, each object in and object group
must be from a different image.

Step 306 begins by selecting an object set, referred to as the first object set, in
the plurality of object sets. This first object set contains the objects in an image in the
plurality of images. Any object set in the plurality of object sets, and hence, any image
in the plurality images, can be selected. Next, an object group is created for each object
in the first object set. So, if the object set, corresponding to an image in the plurality of
images, contains 50 objects, 50 object groups are created. For example, if the image
corresponding to the first object set is an NMR spectrum, than the objects in the object
set are peaks and an object group is created for each peak in the NMR spectrum. If
there are fifty peaks in the NMR spectrum corresponding to the first object set, than
fifty object groups are created, one for each peak.

The net result of step 306 is the formation of a plurality of object groups. At the
end of step 306, there is an object group for each obiect in a selected single first object
set in the plurality of object sets. Each object group, at this stage, contains exactly one
object from the selected first object set.

Step 308. In subsequent steps, objects in each of the remaining object sets are
examined in order to assign them to object groups. In prefetred embodiments, each
object group contains the same number of objects. Thus, for illustrative purposes, a
counter is used in the process illustrated in Figure 3 as a way of making sure that each
object group contains the same number of objects. In step 308, this counter is set to 1
because each existing object group presently contains one object.

Step 310. In step 310, another object set 1s selected. The object set selected in
step 310 is any object set that has not previously been selected for examination. The
first time step 310 is run (i.e., the first instance of step 310), only one object set has
been examined, the first object set described in step 306. However, as the algorithm
proceeds and step 310 is repeated (i.e., subsequent instances of step 310), than care is
preferably taken to make sure that an object set that has not previously been examined
by the process of step 310 is selected in each new instance of step 310.

Step 312. Step 312 is the beginning of a loop that ends with step 322. Loop

312-322 is performed in order to examine all the objects in the object set selected in the
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W2 intensity 46.2633 ( 699) 3.78007 ( 586)
388. 366533 89. 8452 ( 476) 6.14296 ( 405) 373.252446
55. 0579 ( 654) 3.27094

last instance of step 310. In step 312, a respective object is selected in this object set.
As step 312 is repeated (i.e., successive instances of step 312), step 312 selects an
object from the object set that had not previously been selected from the object setin a
previous instance of step 312.

Step 314. Step 314 determines which object group to place the object picked in
the last instance of step 312. This is accomplished by computing a plurality of
similarity metrics. Each similarity metric is between (1) the respective object picked in
the last instance of step 312 and (ii) objects in an object group in the plurality of object
groups. So, if there are fifty object groups, fifty similarity metrics will be computed.
Each similarity metric will be between the object to be assigned (picked in the last
instance of step 312} and the objects in an object group in the plurality of object groups.

Consider the case in which an object group contains one object 5,. One way to
compute the similarity metric between the object p, in the object group and the
respective object picked in the last instance of step 312, denoted p,, is to compute the

negative square of the Euclidean distance between p, and p,:

sim(p,, p,)=~{dist(p,, p,)}’.
Consider the case in which an object group contains multiple objects

P={p,,.. B,} . One way to compute the similarity metric between the objects P in
the object group and the respective object p, picked in the last instance of step 312 is to

compute the negative square of the Euclidean distance between p, and P:
. 4 - = 2
sim(p,, P} = —Z{diSl‘(pi,pj)} .
=1

In alternative embodiments, metrics other than Euclidean distance can be used

to compute sim(p,,P), such as a Manhattan distance, a Chebychev distance, an angle

between vectors, a correlation distance, a standardized Euclidean distance, a
Mahalanobis distance, a squared Pearson correlation coefficient, or a Minkowski
distance. Such metrics can be computed, for example, using SAS (Statistics Analysis
Systems Institute, Cary, North Carolina) or S-Plus (Statistical Sciences, Inc., Seattle,
Washington). Such metrics are described in Draghici, 2003, Data Analysis Tools for
DNA Microarrays, Chapman & Hall, CRC Press London, chapter 11, which is hereby

incorporated by reference herein in its entirety for such purpose.
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( 625) 361.924107 73.4287 ( 560) 4.51113 ( 530)
338. 047962 57.2077 ( 643) 3.66258 ( 595) 331.262085
77.3374 ( 540) 4.79833 ( 508) 302. 465531

The exact formulation of the similarity metric will depend on the characteristics
of the images that are being aligned. For example, consider the case where the images
are two-dimensional 'H-"C NMR. In such instances, a similarity metric based upon a

Fuclidean distance can be constructed as:
J
sim(B,, Py == {dist(P, B,)* = 3. ~{(C, ~C,)’ + M(H, ~ H,)’}
=1 I

Because the scales of the carbon and proton dimensions are different, a normalizing
constant A is multiplied to the coordinates (A, — H j)z in the proton dimension to make
the distance measure unbiased.

Step 316. Instep 316, a determination is made as to which object group
achieved the best scoring similarity metric. In some embodiments, particularly those
that use the negative Euclidean distance described above, the best scoring similarity
metric is the similarity metric that most closely approaches zero. A check is made to
determine whether the differences in the coordinates between the respective object that
is being assigned to an object group, p,, and each object in the best scoring object
group are below threshold values. For instance, consider the case in which the best
scoring object group contains a single object, p,. Further suppose that the object is
characterized by a first dimension value X and a second dimension value Y. Here, the
coordinate differences between the respective object p, and an object in the best
scoring object group 1is below threshold values when

1 X*>-X"<T,and
|¥? Y| <T,
where

X? is the first dimension indicator for the respective object p;;

X! is the first dimension indicator for the object p, in the best scoring object
group;

Y, is the second dimension indicator for the respective object p,;

Y1 is the second dimension indicator for the object p, in the best scoring object

group;
T1 is the first dimension threshold limit; and

75 is the second dimension threshold limit.
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If either distance test fails, the respective object p, 1s not added to the best
scoring object group. In one example, the plurality of images are two-dimensional 'B-
BC NMR images and the first dimension value X is for carbon (C) and the second
dimension value Y is for hydrogen (H), and the coordinate differences between the

respective object p; and an object p; in the best scoring object group is below
threshold values when
|C*-C"| < B,, and
|H*-H"'|< B,
where
C* is the first dimension indicator for the respective object p,;

C' is the first dimension indicator for the object p . in the best scoring object

group;
F is the second dimension indicator for the respective object p,;

H' is the second dimension indicator for the object p , in the best scoring object

group;

B is the first dimension thresheld limit; and

By 1s the second dimension threshold Hmit.

In some embodiments, B is 10 parts per million (PPM) or less, 9 PPM or less,
8 PPM or less, 7 PPM or less, 6 PPM or less, 5 PPM or less, 4 PPM or less, 3 PPM or
less, 2 PPM or less, 1 PPM or lees, or 0.5 PPM or less. In some embodiments By is 10
parts per million (PPM) or less, 9 PPM or less, 8 PPM or less, 7 PPM or less, 6 PPM or
less, 5 PPM or less, 4 PPM or less, 3 PPM or less, 2 PPM or less, 1 PPM or lees, or 0.5
PPM or less.

In some embodiments each image in the plurality of images is an N-dimensional
image, where Nis 1,2, 3,4, 5,6,7,9, 10 or greater than 10. In such embodiments a

coordinate difference between the respective object p, and an object in the best scoring
object group is below threshold values when
! Clz - Cil l < Bl »

|C22—C;|<Bz
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[ RN ]

|Cy —Cy|<By
where

C? is the i" dimension indicator for the respective object p,;

C| is the i™ dimension indicator for the object in the best scoring object group;
and

B; is the i dimension threshold limit.
If any of these N distance test fail, the respective object p; is not added to the best
scoring object group.

The examples for determining whether the coordinates of the respective object
P, and the coordinates of objects in the best scoring object group are below threshold
values given above do not address the case in which an object group contains multiple
objects. There are two different ways that such a case can be addressed. In one
approach, the coordinates of all the objects in the object group are averaged together to

form an objeet p; that represents the average values of all the objects in the object
group. The distance test is then performed between the respective object p, and the
averaged object p;. In another approach, separate distance tests given above are
performed between the respective object p, and each object in the best scoring object
group. If any of these distance tests fail, the respective object p. is not added to the
best scoring object group.

Step 318. If the distance rules between the respective object p, and the objects

in the best scoring object group are not satisfied (316-No), than a new object group for

the respective object p, is created and the respective object p, is placed in the object

group. When the counter N equals one and loop 312-322 has been completed for all of
the objects in the object set selected in the last instance of step 310, the maximum
number of objects that can be in any given object group will be two at this stage.
However, some object groups will only contain one object if step 318 is performed in
any iteration of loop 312-322 (and N equals one). Thus, to help ensure that each object

group contains the same number of objects, “missing objects™ are added to the object
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( 615) 700.766781 78.6535 ( 533) 3.48582 ( 609)
639. 906221 56.1785 ( 648) 3.26389 ( 626) 568.174912
63.605( 610) 3.73385 ( 590) 556.711390

groups 54 created by step 318, For example, when N = 1, one “missing object” is
added to the object groups 54 created by step 318 so that each object group 54 created
by step 318 has two objects: one object from the object set selected in the last instance
of step 310 and one “missing object.” A missing object is a dummy object that has the

properties:

sim(missing object, real object) = sim{real object, missing object),

sim(missing object, real object) = a predetermined missing penalty,

sim(real object, missing object) = a predetermined missing penalty, and

sim(missing object, missing object) = a predetermined missing penalty.

The value of the predetermined missing property is application dependent and is chosen
to penalize the introduction of missing objects into the object groups.

When loop 312-324 has been repeated a number of times, so that N is larger, a
larger number of “missing objects” are added to object groups 54 created in instances
of step 318. For example, when an object group 54 is created by step 318 when N is 5,
five “missing objects” (dummy or null objects) are added to the object group 54 so that
the object group has a total of six objects, one object from the object set selected in the
last instance of step 310 and five “missing objects.”

Step 320. If the distance rules between the respective object p, and the objects
in the best scoring object group 54 are satisfied (316-Yes), than the respective abject 3,

is placed in the object group 54. However, only one object from any given object set
50 is placed into a given object group 54. Therefore, if an object from the object set
selected in the last instance of step 310 has already been placed in a particular object

group 54, the similarity value between the respective object p; and objects in the

particular object group is either ignored or is not computed in order to ensure that the
particular object group 54 cannot be deemed to be the best scoring object group. In this
way, only one object from any given object set 50 is placed into a given object group
54. ‘

Step 322. In step 322 a determination is made as to whether all objects in the
object set 50 selected in the last instance of step 310 have been assigned to object
groups 54. lf not (322-No), process control returns to step 312 and loop 312-322 is

repeated for another object in the object set 50 selected in the last instance of step 310.
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Process control passes on to step 324 when all objects in the object set 50 selected in
the last instance of step 310 have been assigned to object groups 54 (322-Yes).

Step 324. Step 324 is reached when all the objects in a selected object set 50
have been assigned to object groups. In preferred embodiments, the alignment
proposals computed herein rely on object groups 54 that each contains the same
number of objects. However, the process described above, including loop 312-322,
does not ensure that each object group 54 contains the same number of objects. For
example, an object group 54 could be created in step 306 that is not populated by an
object in each iteration of loop 312-322. Thus, in step 324, each object group 54 that
was not assigned an chject from the object set selected in the last instance of step 310 is
assigned a “missing” object. Of course, there are other ways to ensure that object
groups 54 are rounded up using “missing” (dummy) objects so that ecach object group
54 has the same number of objects. The methods described here, including the use of a
counter, merely serve to illustrate one of many ways that a plurality of object groups 54,
each have the same number of objects can be created by back-filling object groups 54
that have less than the maximum number of objects with dummy “missing” objects. In
an alternative approach, rather than using a counter and adding dummy “missing”
objects in instances of step 318 and 324, such dummy “missing” objects could be added
just prior to creation of the initial alighment proposal after all of the object sets 54 have
been examined. In this alternative approach, the object groups 54 are examined to
determine the maximum number of objects contained in any one object group. The
object groups 54 that do not have this maximum number of objects are back-filled with
dummy “missing” objects until they do have the maximum number of objects.

Steps 326 and 328. In step 326, a determination is made as to whether each
object set 54 in the plurality of object sets has been examined by an iteration of loop
310-324. If not (326-No), process control returns to step 310 where another object set
50 in the plurality of object sets 50 is selected and loop 310-324 is repeated for the new
object set. If each object set 54 in the plurality of object sets has been examined by an
iteration of loop 310-324 (326-Yes), the initial alignment proposal comprising the
plurality of object groups is outputted (step 328). In some embodiments, this
outputting step merely means that the object groups 54 are stored, however transiently,
in memory 36 and/or data storage 14, or in some other memory that is accessible by
computer 10 across wide area network 34 or some other form of network. In some

embodiments, the plurality of object groups are outputted to a user interface device, a
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computer readable storage medium, a memory, or a local or remote computer system;
or the plurality of object groups are displayed.

In some embodiments, the initial alignment proposal is stored in memory 36 as
a plurality of object groups 54. In some embodiments, each object group 54 represents
one observable that is measured in a sample and manifests itself as an object in the
plurality of images. For example, in some embodiments, each object group 54
represents a metabolite that is present in some or all of a set of biological samples from
which the plurality of images were measured. Turning to Figure 2, additional detail for
an object group 54 in accordance with one embodiment is illustrated. Upon completion
of the process illustrated in Figure 3, the exemplary object group 54 will contain a
plurality of objects 200. Each object 200 in the object group 54 is from a different
object set 50 and, hence, from a different image 46 in the plurality of images. Each
object 200 in an object set 54 should represent the same observable. For example, if
object 200-1 is a peak that represents a measurement of a particular metabolite in a first
image 46, than objects 200-2 through 200-Z should each be a peak that represents a
measurement of the same metabolite in other images 46.

As illustrated in Figure 2, in some embodiments, an object group 54 stores
particular information about each object 200 in the object group includifig, for example,
the source image 46 from which the object 200 was found, the coordinates 204 of the
center, effective center, or maximal part of the object in the source image, an optional
object intensity 206 in the image and, optionally, one or more characteristics that
provide a quantification 208 of the object shape 208 in the image.

The process illustrated in Figure 3 generates an initial alignment proposal which
comprises a plurality of object groups 54. As illustrated in Figure 2, each of the object
groups 54, upon completion of the process illustrated in Figure 2, comprises a plurality
of objects 200 from different images 46. Each such object 200 in a given object group
54 should represent the same observable in measured data. When objects 200 in an
object group 54 do represent the same observable in measured data, the objects 200 are
said to “correspond” to each other. If a first object 200 in a particular object group 54
does not represent the same observable (e.g., metabolite) as a second object in the
particular object group, the first and second object do not correspond to each other and
one of the objects should be removed from the object group 54.

If the images represent NMR measurements of metabolites in samples, each

object 200 in a given object group 54 in an alignment proposal could be an NMR
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spectral peak generated by the same metabolite. This NMR spectral peak could be
present in each image of a biological sample in which the given metabolite is found.

Referring to Figure 7, an alternative method for generating an initial alignment
proposal is provided. Steps 702 and 704 are performed in the same manner as steps
302 and 304 of Figure 3, respectively. In step 706 each of the objects in each of the
object sets 50 is marked as untreated.

Step 708. In step 708, a first object set 50 in the plurality of objects sets is
selected and, for each respective object in the first object set 50, an object group 54 that
contains the respective object is constructed, thereby constructing a phurality of object
groups 54. For example, consider the case where there are 100 object sets 50. A first
object set 50 is selected from among the 100 object sets 50. Say that the first object set
50 contains 50 objects. For each respective object in the 50 objects in the first object
set 50, an object group 54 is created that contains the respective object.

Step 710. In step 710 a target object group 54 in the plurality of object groups
54 is selected. In the example above where the first object set 50 contains 50 objects,
step 710 entails selecting one of the 50 object groups 54 that was created in step 708.

Step 712. In step 712, a target object set 50 in the plurality of object sets 50
identified in step 704 is selected.

Step 714. In step 714, an untreated object in the target object set 50 selected in
the last instance of step 712 that has the best similarity score to the target object group
54 selected in the last instance of step 710 is selected. In the first iteration of loop 714-
722 for a given target object group 54, the target object group 54 will only contain the
object from the first object set 50. Thus, in the first instance of step 714 for a given
target object group 54, step 714 involves determining the similarity between the single
object in the target object group 54 and each untreated object in the target object set 50.
However, step 714 is repeated for each target object set 50 in the plurality of target
object sets 50. Suppose that currently #—1 object sets 50 have been processed by loop
714-722 and, therefore, the target object group 54 has n—1 objects, either real objects

or “missing” objects: P ={p,, B,,..., b,.,} - Thenan #* object set 50 is selected in step
712 and the object p, in this n™ target object set 50 that is still untreated and has the

largest (best) similarity to the target object group P is identified. For any object p in

-1
the n* object set 50, sim(p,P) = ZSim(ji, D;), where p, is in the set {p,,p,,...0,}-

i=l
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In one example, the plurality of images are two-dimensional 'H-"C NMR
images and the first dimension value X is for carbon (C) and the second dimension
value Y is for hydrogen (H), and the coordinate differences between the untreated
object p, identified in step 714 and the target object group p, is below threshold

values when
{C*~C'"|<B,,and
|H* -H'|{< B,
where

C? is the first dimension indicator for the untreated object 7,;
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an initial alignment proposal. The steps illustrated
in Figure 4 describe nethods for refining the

al i gnnent proposal. Figure 7 illustrates an
alternative nmethod for producing an initial alignnment
proposal which can then be refined using, for
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For example, referring to Figure 7, in step 708 it is not necessary to construct a plurality

of object groups at this stage in the method. Rather, once a first object set is selected,
loop 712-722 can be repeated for each respective object in the first object set and the
object group for a respective object in the first object set could be constructed during
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characterized by a first dinension value X and a
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Step 402. In step 402 a subcombination of object groups 54 from the alignment
proposal (the plurality of object groups) is selected. In some embodiments, three object
groups from the alignment proposal are selected. In some embodiments, four object
groups, five object groups, six object groups, seven object groups, eight object groups,
nine object groups, or ten object groups are selected from the alignment proposal. In
practice any number of object groups can be selected in step 402 up to the number of
object groups 54 in the full alignment proposal (eutputted in step 328) itself.
Verification of the assignments of objects 200 in the selected subcombination of object
groups, and possible reassignment of the objects 200 to different object groups 54 is
performed by the steps in loop 404-412 as described in further detail below.

Step 404. In step 404, an object set 50 in the plurality of objects sets is selected.
In typical embodiments, a given object set 50 is not selected a second time in an
instance of step 404 until all of the objects sets 50 in the plurality of object scts have
been selected in previous instances of step 404. For example, in some embodiments,
object set 50-1 is not eligible for selection in step 404 if it has already been picked once
in a previous instance of step 404 and another object set 50-N has not been picked by a
previous instance of step 404. In some embodiments, an object set 50 in the plurality of
object sets is picked on a random or pseudo random basis without care as to whether
the same object set 50 has already been selected by an instance of step 404, provided
that the selected object set differs from the object set selected in the last instance of step

404. For example, in this specific embodiment, on iteration i of step 404, object set 50-
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Cl is the first dinension indicator for the object
/3/ in the best scoring object group; H2 is the
second di mension indicator for the respective object
/3, ; H is the second dinension indicator for the
object fli in the best scoring object 15group; Bc is
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lastrmb‘rescse of step 402 is objﬂcmu@semﬁ,dindéht Buréee bupposgikat the object

th lurali di nensi,onal 25i e, .

Shgrefin e ds Gisagtl A Sep T pbic S A0, encier-obn ti
e)éla% 1¢ %@Moﬁ%ﬂbﬂ%ﬂbﬁe&s Sfettrell ﬂ@frﬁ)lﬁ’écft EQISBICE step 406 are

betmeen the respective object /3, and an object in

thpkgeolyjeets lrs@mccrtrsgf iﬁb} gut hgvednqgn |awmdéwot>]¢ct@hwsd% B,and Cin

g B Rosel, $uppfi At ot TGRS B1Fie o i P il abhgmment
prop6sal eshipe I ¥ en 6B@GirodBA, objeét Y isSintobRect gdug 'Bnﬁlﬁlﬁd)lﬂ&:t Zisin
i.ndi cator for the object 1n the best scoring ob

objefgsoumind Oficonrses ehieqtagrgipiAs Botnd Gmel h@vwddmﬁnﬁl OhJ gets
gRCbup b8 Il 1R PAShyL Bk eid B, ARREEH] K e

ofttei04 may be used to form alternative alignment proposals in step 406 Thus, as a

result of step 406, N number of object groups are selected, and N objects, one for each
of the N object groups is selected. It will be appreciated that Figure 5 lists just a
subcombination of object groups (groups A, B, and C) in the initial alignment proposal
of step 328 and that the initial alignment proposal of step 328 typically has many more
object groups (e.g., 50 or more) than just the subcombination of object groups listed in
Figure 5.

Step 408. 1n step 402, a subcombination of object groups 54 (e.g., object
groups A, B, and C) in the plurality of object groups are selected. In step 404, an object
set 50 in the plurality of objects sets is selected. In step 406, the subcombination of
objects 200 from the object set selected in step 404 that are assigned to the
subcombination of object groups 54 selected in step 402 (e.g., objects X, Y, and Z) are
selected. In step 408, a similarity score is computed for each possible object - object
group combination of the selected subcombination of objects from step 406 and the
selected subcombination of object groups from step 402.

As illustrated in Figure 5, in the case of three objects and three object groups,
there are a total of six different object — object group combinations, the original
proposal and five alternative alignment proposals. A similarity score is computed for
each of these alternative alignment proposals, In some embodiments, a similarity score

is computed as:

36



10

15

20

2

Lh

30

10The exanpl es for determ ni ng whet her the

coordi nates of the respective object jj, and the

coordi nates of objects in the best scoring object

group are bel ow threshol d val ues gi ven above do not
address the case in which an object group contains
nul tiple obpefilimett1bFo@Ne t Wo dggygﬁﬁaﬁ _that
such a case can be addressedyld.fH& ARRAr oach, the
coordinates of all the objects in the object group

Asilbistreted ge Higuoydtdach objectiGdar M eonsilsrasidtas neyltiplhabjects 200. In

s G BE Doy B0 TrAdee Ll RRise{ eCo0 e el I s fhutation
inREAINBERIHINEhiESPEIGEdt Le P RBHindtDns REbnbRee AnehAaBRAlignment

object pi. I'n another approach, E@farate di st ance

propesats. et/ rytddensified imetep A4 siedeld fed in each of these
SSARSELILGo SR bl RPRBAL AL, BB, v, e

Zhaird selédiel inesqgedtdd ael sobjrepénmued in® dibpossibitedictmtivhalignment
20best scoring Obbﬁit group. Step 318, . 1f the
Prapaessvherpe Aieqse Hnbeawd th weredigh iteptified Bpten$U0abesaype they are
' s St kdd . Is ' up are not
n%t'}fqn@?%e?ﬁﬁ%% liéé[lal\%?lﬂ%ta Egﬁ&ggﬁéw 0 Jpjgg%%% fqg‘gp for the
r es pbcdomeecrolinjdimtentt9, is created and the respective
object /9, is placed in the obj group. Wen the
counter N equal s/ (@RECEE@Pgop 312-8P%Phds) been
conpleted for all of 25the o#ijf8¢v3""*f™ he obj ect set
0| i : | i .37
T ekt Mk Py STineal LR X 3F RiHAR, mbiires betweon the
ol&tairs Grallobiédt lordips! Merdtp, tahdsp sira die i"Hovryednd tEOTE object
object groups will only contain one object If step
reddedtivEly Pemi(G Y if theaiMilarit® hdabi@d befweeR TR ahliZp J.3.Zﬁor example,
(and N equal s dne). Thus, to help ensuré that ‘each
inGRLR 6nbodigtéptsG tHal stinilsrifyneosatEthd Wb alralighmehi Mepssal sct forth in
"mssing objects" are added to the object (droups 54
Fighwat B8 by step 318. For exanple, when N = 1, one
"m ssing object” is added to the object groups 54
created by step 318 so that each object group 54
t(aligmriciprayosgl) 318objst grenp ADj- ¢¢isect grrmpdb+etiobfecogroup C)
the object set selected in the |last instance of step
310 and one "m ssing object.” A mssing object is a

dummy obj egt« that has the 5properties: si N RG-SSi .
obj €ct, rea ?86@%0@5"9 sjn(EzﬁﬁﬁBbfng, nisgiiﬁmggd%)
obj ect'P I HPHF&%t ng oV BEY" " P EEI* Pobj ey L iyuseowe
predeterm ned m ssing penalty, sin(real object,
m ssing object) = a predeterm ned m ssing penalty,
and 10si m(ni ssi ng=abpEst)+aind, hg om{B&)) = a
predeterm ned m ssing penalty. The value of the
predeterm ned m ssing property is application
depepgent:, Angch SmbBEF ML %e%%ﬁﬁéﬂit? QB8 tb Al QORI RA
of m ssing objects 1nto the object groups. When
pioposal 3 52t f82th ih&sguyeéns:r epeat ed a nunber of tines, so
that Nis larger, a |larger nunber of "m ssing
obj ects" are added to object groups 54 created in
i Maligness pkepdahl) st F@)byoé@%roﬁﬁ %}Q—WB@E& YHEB) AP(PRicEEloup C)
group 54 is created by step 318 when is 5 Tive
"m ssing objects"” (dumry or null objects) are added
to the object group 54 so tQat the _object group has_a
totaf of siXsédB{@ePg,* one obL&@(Pf.Pohtt he o) edn(Rel;)
sel ecti@F<tnrPitferPast | Herdicedigioust ep JPOs<ahidodfdsyac
"m ssing objects.” Step 32(1 If the distance rules
bet ween the respective object /3, and the objects
20i n the best scoring object group 54 are satisfied
(316-Yes), than the respecti & object /3,
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is placed in the object group 54. However, only one
object fromany given object set 50 is placed into a
gi ven object group 54. Therefore, if an object from
the object set selected in the last instance of step
310 has already been placed in a particul ar object
group 54, the sinm Laixtyvakie, Hetkywrenkyhe respective
obj ect 13, and objecé%?i% thg 22 p?ﬁticglar obj ect
group is either ignored or is not conputed in order

to ensure that the partjcul ar object group 54_¢anno
be dEe1EY §RPOSEmERSS, tﬁ%@%ﬂf%l&spf HBRESBI*e CompTiesu bl ﬁrﬂwciear

b Bna ) o OB, B PN ODLER! B! inan
ol 527 AR ABDAATL SRR 51 MBI olion:
i nstance @{m(?ag,%% 32.%,13@&3;?3@ B 56| goed +L9 O ijfgjgf} , where

groups 54. | process control ‘retlrns

t o steR tiklebordiflate @PBLREL p3A2ihk $°C @RRALIeH; f or anot her
object in the object set” 50 selected in the |ast

| nst @ig ehddoosdifiiie 3+ BbjecPHOGR B 'COAIMAsiddasses on to
step 324 when all objects’in the object set 50

sel egt B4hd BhdrfliBateaTlobjeis LARe teOH EieRick0 have been
assigned to object groups 54 (322-Yes). Step

324. HsaRe SAfdingteloFdbfetl pigmhalH dinltasiehi f@ts in a
sel ected object set 50 have been assigned to object

gr oup$s a hdinlligingrdogstagirbodi ments, the alignment 5
proposal s conputed herein rely on object groups 54

t hat Inespane erabrdimaats s detgrpaingd b 8rst pnsigsrimgtthe upper bounds for

e PG prol AR BERE 10 ERERBRC R AR bol AN 44 LMo, 8Pproton
diewntiahfsar beecstianediynnenuadly atighmgtteo réforenexabjpétezrowss
R SSHbRE e B 03 b
NP 52 €rum! MRy asbiinpi iPecadde m&RARaQRE 85d:dRERYBY B bRk

10was not assigned an object fromthe object set
digehsion dolr tha objeet inaske objest grove aof indepepd3Lly drswadwinymaniform

SR, 5 S e g
g3 W S 5538y S, R 9 5 B

descr i here. dncludi ng the. us f a.c ter .
offERER) SR TS SR Bt B sfirf Tt Y pgnbipsed fom
fromuth@kdftned d2h) €Ré uSP¥Bind B, HPHRAGIHIAMNBehdieh BaREh defined
nunber of objects can be created by back-filling

aspi!)ﬁg.c The hppP&iShoadd t A FornBY Brdt@s 8intdngion A beBM LT in the similar
nunber of objects wth dummy "m ssing” objects. In an
u@&l?ﬁ@ﬁbﬁﬁﬁﬁzﬁ@ﬁﬁﬁﬁmﬂ%AAH§&$&¥eﬁﬂﬁm%d%§Kﬂglﬁﬂﬁbunter and
addi ng dummy "m ssing" objects in instances of step
318 BEngbndZémbaditbn® i phirality o itz kijseohpriee théditensional
added just prior to creation of the initial alignnent
SHSEBP @@%W&fpﬁ dt;) 401 a piven pair gbplieets bty IBADIRIAS PRUPSEAn an
examined. In _this alternative approach, the object
aligaifsd PEWosHds eUEPHALES't 0 det er mi ne the maxi mum

o o RRbCE - SO ATA BT Ay AL B P
" o8 fnghe GBS I Phdy Mo RRESRE. maki mum
R N g e
ot L8 AU S RS e e

process control returns to step 310 where anot her
object set 50 in the plurali8y of object sets 50 is
sel ected and | oop 310-324 is repeated for the new

object set. If each object set 54 in the plurality of
obj ect sets has been exam ned by an iteration of |oop



In sone enbodi nents, the initial alignnment proposa
is stored in nenory 36 as a plurality of object
groups 54. In sone enbodi nents, each object group 54
represents 5 one observable that is nmeasured in a
sanpl e and manifests itself as an object in the

Pl ur & ik tiye Qordin®o8e %bjg&r RN dinhdhsRREhd

enbodi nents, each object” froup 54 represents a

et apQd & SpridAdf ndrmalyifs €hhstddl. Some or all of a set of

bi ol ogi cal” sanples fromwhich the plurality of inages
wer elmemb gmbgdinfantai. sylctamiausmg2ny adidatic metlod det Beldncing

f bj ect 54 . d Wi e. .
tnc dPorSioh 08 o P mPabion REAEHEBRREsRien Bt Bt djpauce
5 mRRRERESbhE héelalsm@;tﬁg phualfty @¥iBagds 46 an@ﬁséme%tdzmeﬁﬁs&a

group 54 w contain a plurality of objects 200.

spealh, foy-disnensiooal; speetrreansdjighar ogdasgpecta, wherp pdditignal terms are

| ffenent. object .set d hence, froma diff.eren
oflel SRR T titOfp of ARGEEAT il iRl
hdndll@the @bgieiohalsiedsdors) Fuktieret astBtsithilait$ adrics can be used to

observabl e.. For exanple, if object 200-1 1s a peak
cqmppiicr uilariErin steg 498 egiudinerhut apt et toiadyipafatian distance, a

10 CRARREN disntd of ahblbordctn' IS, Rorlifith ARG, 8 stitirdioed
Evdalenn diveante,af Mihaarsbiediseaed alsjtacd Peapddnesorichiga socfficient,
oo o SO L 1 A0 e
(SeafPEaRLLGSs %9%&15 ?ﬁﬁﬁut@,bd:ﬁ% NERR Oafblﬁﬁfopip R SRR

up
i ncluding, fof exanple, the'source inmage 46 from
Seikrash, Inhe SelijflecVashitetom)s Sughmettriesere desoribiechint[draghio 2003,

15 D JRGnT e PR AP S s Caen 4h H ¢ b B dnden
claPteen$i WiicB@ShdrBby HRolpdRae] B tbferedd I¥dh i its &tBe§for such

nore characteristics that provide a quantification
Pypsstof the obj ect shape 208 in the image. The

B! o FRIEEE, 1P ol At B AR 26T oA iRl

spebireaid IS Pdor Agiven bais bl @bjects ip), i 9 4h @bt £8P 59%in an
t he obj ect QSgroups 54, upon conpletion of the
20  alfpneees prdpbbdl 34 cahmeded as:Fi gure 2, conprises a
plurality of aobjects 200 fromdifferent inmages 46.
Each such _obj ect=.20¥i nXa | ¢fi| VenY diy lexger e apugper bound, and,
shouF#@edt Sant i he. sa servabl e i n neasured
data. Wen obj§é€§tfbéﬁﬁﬁ’% “¥Bi%ct group 54 do
epresent the sanme observable in neasured data, the
W%ﬂ%ects 200 are said to "correspond” to each other.

| f first abj =2 I N Al &4 eul obj\ect 54
30 does. not 1 ERy Ueeht) 1 he (Whne ebechuable (g "
does not TE Sdme” ebser vable (e
obj cav s SR EBNE UTRE X Db dGAE 0" not
5, : 7 .0bj ect
2 Cout o vRABaE brPbRE! P2 AR ekl 5 1 e

mag isisrtﬁgwﬁﬁgfﬁe';@\:@bg%g%rigmmgn tabolites in

[
sanpl es, eac I'n a given obj éct group 54

' ~.alid sal - . tral

pea o aRE bGP BEREL % bt PO AR e P

Speciﬁ?ﬁn@%ﬂﬁz&%ﬂ%ﬂs present in each i mage of a
al sa

bi ol ogl ¢ nmple in which the given netabolite is
Inf smah @mbBéfnents g deterfiiged wsing argrsuithble negiiddver baEtuong the X

for generatipg.an i.nitial alignment proposal is

30 d‘WGW%H@Bq%ﬁg%ém?W%nd 704 are performed in the sane
manner as steps 5302 and 304 of Figure 3,
respectively. In step 706 each of the objects in each
of the object sets 50 is marged as untreated.
Step 708. In step 708, a first object set 50 in the
plurality of objects sets is selected and, for each
respective object in the first object set 50, an
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1554 is selected. In the exanple above where the
first object set 50 contains 50 objects, step 710
entails selecting one of the 50 object groups 54 that
was created in step 708. Step 712. In step 712,
a target object set 50 in the plurality of object

set spéhrh&lenbdihRfsi the ?Jllﬁﬂltg Qf 11h§ge§ %%Sﬂﬁgses%ﬁhﬂéﬂsmnal

In step 714, an untrea ject Tn the arget o bj ect
irsames HOg.s elbe@u‘a)eaild sin@P,, phefdr agivannsirafobjeofs gt ppivdrRobject
that has the best simlarity score to the target
gmtupéétmgn@hgmﬁmtgmﬁmaleslcompmhé% ast i nstance of step
710 is select In the first iteration of |oop 714-
722 e{:‘ oE a.. .vgﬁweléddfer o[ﬁré& —dy ajsresa @W@‘Pa?rd@tmd‘
obj G B ¥y, CO f
first object [y}%k)b ﬁ"% e PJ@%{Q:‘:# “r srfttl ns{ %ﬁé@%gg
whLEP 714 for a given target obj ect group 54, step 714
i'nvol ves deternining the simlarity between the
single 25 *he_{@r get yohiget-group 54 and
each untrea ed e Je%:t |{n( t he t)ar£t OUJECI set 50.

Howeyefs, thé E&ﬁdﬂl&ﬂa df%b{e%@ eatethel0UiRaRINt ar get obj ect
set 50 in the pl urali target object sets 50.

Suppgsi tﬁ@@dor&iﬁﬁt@@ﬂbbjéctl - In ¢R R@m&Rich; S50 have been
processed by [oop 714-722’and, thereforée, the target

obj egf lgheu@oéﬁlateéfabec% p(’kihﬁfet‘?duﬁéﬂshﬁ{ real objects

or  "m ssing" objects: Then an nth obJect set 50 is
sel e@’tl%%é &&&ﬁ&e%@“ﬁc@?%ﬁﬁﬁ@@hﬁ&kuﬂ ninthis nth
tar get obj ect set that’is still untreated and has

the }af 98tmAIRAS donStafi;| arity to the target object
group Pis identified. For any object in the nth

obj ec@rrslgtto#@pls thei eprRlalon Esveehfa dedingd neigbbahd@l ofi abjéah p, and
the set {A'A 1=1 Steps 716-720. In step

olj¢d, P deternmination is made as to whether the

untreated object Ain the target object set 50 that

has v e beight &irihe emralgtiondeme cerelaiient ar get obj ect

grou fied in step 714 are

corrpgtl§?)F()@mEBF?Jfﬂg&HﬁcI&ep”conw der the case in which
th t ai i I bj t, A.
For 1 18 2B BRDES ABRSRR A e 2 o ' %ed by oot 1 ot
di mensi on \@6? é 2(% 2@ second di mensi on val ue Y.
Her e 1§ #&° Fi di f f erences bet ween the
t t.ed t. identi.f 714 .1 d t he
U SRS B b Birticw e Rl Ehen R i Bes (i Geilable.
Réﬁ‘i?ca imdged ar€ imagesaAkbn! un¥ér the ¥xact 5émd QetWIRkSeritderital cbﬁ&txons

first dinension indicator for the untreated object
Irj someembodimenidi sashseplivaiimagesare avaregedttpgethsjte farmj %pturahty of

et rou 172 t he second dimens
i S50 S 8Pt Y Bierd v bl FOP QgL RIRURA e case
wheahéhe Ard RS iffpdsNAl BaCOind Of whéte 20Bja86hlichdIFadd @ is a
target_object group;

replica of D. In this case, A and B may be averaged together to form image AB and C
and D may be averaged together to form image CD. Images AB and CD are then
aligned using the methods described in Figures 3 and 4 and set forth above.

In some embodiments, a neighborhood region surrounding each object in its
native image is defined. Referring to Figure 2, these neighborhood regions are stored
as one or more optional object shapes 208 for each object 200 in an object group 54.

Then, a neighborhood correlation is used to measure the shape similarity between a pair
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15711 is the first dinmension threshold Iimt; and T2
is the second dinension threshold limt. If either

di stance test fails (716-No), the untreated object
/2, is not added to the target object group 54, but
rather, a "m ssing peak" is added to the target

OPPéaT(gtwﬁé'rQ WBrrelarion24s ﬁl% 6Re1448N bethbeP B iefh&t fi’é?ﬁﬁ)orhood of

tests are satls ied (716-Yes), than the untreateéd
r
('gdtne pﬁ 172@)55 u%{[% g%{rg tzg% %ga% P%?s{oﬁ?icognlge%eg Refficient

bifeah gt deﬁn?d nelgﬂb&ﬂgoc?éia?p%idl B hghﬁulg Rbdnli él { JhOf D,

I'mages ar e I 'Mensi ona Piz3 I mag s
UL R LM
FRUIER Srifl J0B 1S 158N BERE MISulhle ARG o 1 B

vg]mmpenéomﬁasbedby\ft}td‘peakhol d val ues when 1C2l <Bc., and

1/ 2 -H1l <BH re 30C! theflrs dlrre si on
i ndi EmsyRe ?IBFV’m IREntn g rléé‘ﬁf‘édie@ﬁ'jn&efl ance t&1PP%’ﬂ?lhfélfﬁmnce

st d| ion indicator ect n the t
a8 sp B 1Rl Lo h R ok Bhed S I S ot i S O uare
dfbﬁihcém thhine@abethe @Bjretiotd is kiSed anseeoad O Sihak® the scales
i ndicator for the object ffi in the target object

ofjthewprreBoon serintendfthe squadi distasdeoirnt hompimable. [Thaitvo neaoks are
th d .di t.h h .t . : |

aled R s T et 22 8ol 000D Bk bhieptsisy stgh that

aﬁl:}epﬁ/lzﬁr oot e Qrfrérﬁﬁﬁffergntpﬁ%@sr ankdQB&ir pgsn%jﬂ\/&l@ﬂ'erén@@ssin bBth

ess 5 PPMor less, 4 PPMor | ess, 3 PPM
dir@aglgl,ons arePNitoin nr@cksiﬁnnlnqdmp@r biuads, Imponge @nlﬂﬁmnmts n is

| ess. some enbodi s.BRis 10 arts r [ion

de as, e yafigof't @W@éq‘fé@@n% mgw
B S

dé\ﬁ&%}l\rﬂx (gfr th essfméﬂ &)%? %lg oﬁggg R ﬁﬁ%ipﬁfiprhcﬁtggsﬁﬁgs (12 % ﬁnages

APPMdOCDlie $hs example abidve), erd mpisezsrcf athershgseer mi ni ng

whet her the coordi nates of the untreated object

i dendlepi€d. itmsispdl O seleptad wheombisrinhelk et ISé?ﬂSésv%d to
oGS IR BRI S i
objket grangedmbinpeet alignment proeposal that achieved the best similarity score.
For example, referring to Figure 5, if alignment proposal 2 achieved the best score, than
object X is reassigned to object group B and object Y is reassigned to object group A.
Continuing to refer to Figure 5 if, on the other hand, the initial alignment proposal
achieved the best score, than object X remains in object group A and object Y remains
in object group B.

Step 412. In step 412, a determination is made as to whether the
subcombination of object groups identified in the last instance of step 402 has been
evaluated against every object set in the full alignment proposal (the plurality of object
sets). For example, referring to Figure 5, condition (412-Yes) will not be achieved
until there has been an instance of step 404 for the object set corresponding to image 1
and another instance of step 404 for the object set corresponding to image 2. If the

subcombination of object groups identified in the last instance of step 402 has not been

evaluated against every object set in the full alignment proposal (412-No), control
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15group 54 contains nultiple objects. The target

object group 54 wll contain nultiple objects after

| oop 712-722 has been repeated for nultiple object

sets 50 because either an untreated object or a

"m ssing” object will be added to the target object

: 5 [

PARGHE seh B8 el MRpAIPIc & I P R A Bl ot IS Selected
Freexadgitee sefedinglto Fomee 4pjpromadieratiph éinstanee] iofi atiep 404 thabbject set

the obj.ects in the target 20 object group 54.ar
CORUFSPORE tog e 4 Thasob Shgrch wRpHas dp aftesher igation of step 404, the
i8R ISBS@MeSpd it PN A @2%1@&3’%% Ricted! WhdMEIOSY; 844 Setd Rave b
Olfjhestar.get objé@? grgup 54. Tﬁe %istance te%t istthgﬁ oo
sepastddonriedarses obsep 404 g pagivinmbodplivetiandof, objevt ghoaps selected

. tar Lect. set 50 and.the average bject faj . In
it Lps oSl b VRSB 185 G ven above
ar e pepler Mpfsthe s WE &N didimifiAiHR € nbdLasabjviiethdr any bbjects were
the target object set 50 and each [

bj h
repgpigred to dgkrent obipchgrpupe duning @QMOMgffWQ Rﬂ i‘%—%eﬁ), theypbjects
i st t,5-f ai ted. ohj
s At R R R TR S

alcdofaitie aficompnt(pfdposhb) waStegpitddor kings tle ThéR 2when decision 414 is
detergkn fionis nade as to w@ether all ohject sets
, by

regehedntheobiast sat £or impegl apdjthacebiectset ighimpgee 45e gxamined again in
. o .

B RG, TPAOT THEDA SRt R AP AIRA S

proposal eqre Ad@ptedffos the3Mhfet2 Ret Yosimage d mir thel otpexs seisfot omage 2 for the

step.724. . 1f, not. {.722- No ont.r.ol es, back .t
s pagioF o bigPR ObAbIeRGORts SRR seh 3D2; M biceh have not
&8l eskRde A dirRAM bbRet grdupSd ti@stanceDfaBop’ 2d4-41 N(414-No),
step 724, a determi nation In nade as to whether al
prob¢sesongelqapsesbastep 4lhe plurality of object groups 54
have examn b he..ahove: | | L [QCe .
(Ioo§£§%297§5§%p??@ﬁ%?§?$ﬁﬁgﬁgﬁ?H%&%%E?Q%%Q%FE% jective
funetiot fig thocahysipte ALgnwl et Eropsval harimpadvga! Thbjobjitigs fmption for
54 in the plurality of object groups 54 is sel ected
thg ggmpkstp alignmeny propogalis gsRaY for the target obj ect
group 54. If. each object oup 54 § e plurality of
obj ect gr ou%glﬁl%e&gjpﬁoéjé’ﬁg “)‘Zq]rg.newogﬁcﬁrgp i on of
| oop 712-722 (724- Yes), control=Basss€®to step 726.
whklep 726. In step 726, a determnation is nade as to
whet her all objects in all_objects set have been
marked treated. If not (726/Kobjectennpdol passes to
step 728, if so 10( 72Geidem)rtero@it r ol passes to step

SC RN TR NTE T W S ET

inyibv@BinaBe PR WaterdtfonR g [&p 4024 18hjvBerde NS BLIS 2i B, 4,156 or greater
pIuyallé% of objects sets and the untreated object is
)

ing{agiong emhodimentie (f hp- ¥ ppathed Pﬁgﬂe@(ﬁ‘)ﬂgpbﬁ?ﬁl‘l’aﬁ@ Sﬁ%ﬂ}%where a
i R e

thetobjec? fudicion hirdotti@rdvadde thed kjt @ iergtiansmpidaop H42-416 (416-No),
popul ated with correspondi ng objects from obj ect sets

thep [T ORIFRA T RS Breuchial dems arortge A Jleb Wt groposal

Id%&ﬁe?%fﬁ%iﬁ@h@%e ou}Put of BleShal 3fput Iﬂoﬁésﬁpmz?o&% thftiritﬁ?/ object

I niti I gnnent proposal conprising the plura
gelpohi eattaigingupe 54l lsgnmenp ptopeshl aterstarodEhowever transiently, in
enbodipent s, .this outputting st ner el ans 20.
TERE ORENPLILR Ryt b8 Borr Ghpenanork BRAT grcggpile by
cARMEYET0 AdrafSkidBtakdh nditRoAETR I sdhe RO, IcSilaFaRgE of
14, or in sone other nenory that is accessible by
conmputer 10 across w de area network 34 or sone ot her
formof network. In sone enbagdi nents, this outputting
step nmerely neans that the object groups 54 are

passed to an object group optim zer that perforns
steps such as those disclosed in Figure 4. In sone 25
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30 initial alignment proposal and all such nethods

are within the scope of the disclosure. For exanple,
referring to Figure 7, in step 708 it is not

necessary to construct a plurality of object groups

at this stage in the nethod. Rather, once a first
ol?@dt 26bupRbniatiSEihe Fin8louth@IRopokdt € dupifedR J @RLREGFhce

or ‘each respective object in the first object set
devit, B kempbice tiadaple siordos medivre spmemoye ovbjlaset of namokeecomputer
f%rs_t %?J elct . etf %oul d be con trluct ed during the
SYEIFE T e‘?glfaih n°'ot Jefcbéﬁou?ﬁr- SZpﬁlyc?ld'the respective
obj eThe proessPublim@l it ¥igake OB BCIxaMpRUITS Meddydeli@h algorithm. In
cons_truI():t ed by repet. tg:&gn of Iogglbuo- 22 Tygbr eac'hg )
aligpasive eppodiecnis yastations elcthe search alpenithmearp éakepb Fecinstance, in
0 Ld be c ' i f .

soi oSt ts e b Y 1o DR e At ol Bt
subtdmBihatioe pEstodibct grouph fronethe phirslity of6jEe. gréupkiM in the full

process of constructing a new object group for _an
al{Epmes PO} pave besrdeleeisdathsig N ﬁie@tcgagta@f(e.go&k 3) and N <

75 t | ' t -
N2 R L AR I a0 s 4 e
alignureat ptoposd] andptep 816 dtops back to stdyet(Bansi! faph snbddmbingtion of 3
an.initial .al, nt proposal are ovj ded for
Okt GERYDS S IR HCGHI GRE 9D THASCE DS 57 s Bseh SpleBighs Iy some
erfBHiREAS, Rb nhAdST ofcmﬁe&?hﬁ@*s 19 WibdoPBMHtRR of @H}%ctgéroups

10 the objects in the af’ | éast one object group d
setpstedoinreadsjteration of serHDbisthdixed aumbgn spthazs3 elpipst@aeups 54. In

o refining such ali nt . proposaks . i.s ikl ustrated.
orh B YHE Ryt ST et BRBE FOME shifeomeiisfioh ¥ Bbiect
groligs @lldcprinmanhcliPlieRasRbS itép S0D1sedlodsd & Rrir Bbt éxengle, in some
obj ects groups 54. Step 402. In step 402 a .
enahiments niaang itcetiop s stop 42 olipsobiect Braps S areelsgindenercas in

C L b Yo

b FOEATn o I 0 LWt L SRR 5 e
erilbatimehi, te icgndition 4 p§-Djoas athiavee rsgdrdiet el whathes alreobjective

enbodj nent.s, four object groyps, .five obj.ect groups,
fugmorbﬁjseﬂ_ﬁmm%ef%g ddwpet b SHHS ot o NG o tFor
ex3h{I In sdthe %m%@diiﬁ{éhltsg [IRUWIRditBh 44 6NPRIEELvQ RERAIRE 6

sel'ected fromthe alignment proposal. In practice any
whethtrahe objeotyelncionoispéil daprdingafion daapdt 029 16t ey be@prepeated

u o the nunb of 200bject gro .54 in the full .
it i bR PO Rt cp S DE A 0 s st wlbpb tmes
mRS thhh 68¢ h@ired tholisindsh &N EmMbee Bhn #Riikieh $ingR0 Any dffiiese

sel ect ed subconbi nati on of object groups, and

alﬁg@aé‘,ivslsearpb ambpgmeni are formse! gngedy searolalspdthanst f er ent
a0 P BBt UL ORI OB 1 PR o B e

préBlem dohviap epetdHdbristiofihlead tscocdly dptintune clpdicy &ldatly stage with
of objects sets .is selected. 25In typical . . .
the hppeipHBRdiag the gpbal prEpjuas cag Be uspd P sefins the Byitiel pligngent
i ) . C . o
ORERRA  THe Ly Ay BSLRREEn 8k Bhpd Mo Bl crampe
offmeesuble elgostine c Additionalptisalooms on pstdynalgsridinsss pindd Cormen

For le, in so enpodinent s, obj ect  set. 50-1 i
eny 150 Gt FEQTeat i ghCRipes U Gl Alioritggs b 530
C&h&ERdY0 RIRRoBIFH8 % H!%)?ithrﬁs,@kﬁtb&‘( h@USutiletAN0602 Discrete

step 404 'and anot her object set 50-N has not been

AppligdeathgmatigD] b, &1+&y Bahgdeessn e of, 2604Dis0ste Opiingigaion 1,

i S n ject Q1 h | ur al
EPEE Y BeBop Lo BloBi ol Pkl DEFmfiellila’ $¥saosnoech of
whirBliSintbipoedttd BRrderficd Bereheb gkirtERhia e pedeiie algosi@ims.
50 has already been selected by an instance of step
404, provided that the sel ect®d object set differs
fromthe object set selected in the |ast instance of
step 404. For exanple, in this specific enbodi nent,
on iteration i of step 404, object set 50- 1 cannot
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Step 408. In step 402, a subconbination of object
groups 54 (e.g., object groups A, B, and C) in the
plurality of object groups are selected. In step 404,
an object set 50 in the plurality of objects sets is
selected. In step 406, the subconbination of

250bfredelnse HIBbdiments, A& nahiie sdardhabtheLihas heeeddd s&édréPalgorithm
404 that are assigned to the subconbi nation of object .
isgsedifpreBne thelinidinbalignmesnt propagd 32 & ragher thysi the procsss lhﬂastrated in
an )r.are sel.ected.. | . L] ari [
PR s PR e sduBERstin ey Ml Releh bnd By
seafuibilgaithoris afed tb @cfied the irtdal D a@BIY prapdsels A$ rathie) thah she
fromstep 406 _and the sel ected subconbinati on of

Propse fusypind s Figtsats Fapmalon dgpauc ApRTaaties thakcqnype used are

&E%Ségd% Torinbn b8 9868 MhroltiHh rgggj@%%&g@ %d? MIS Press &
obj ect groups, tHere’are a tota six difterent

MebiraeiHill, diyjtelct 393 didp Swdub enalt,i 1083, Rdchesher Mefhoddl in Economic

Dby Tress ket 2000, i P PosBgaans and Optimal

CahbS TV &b SBRRAfic, AP ASHID; ahd Gﬂﬁ%zﬁg@mg bOBASRience of
d F(al

asimlarity score i s conmputed as: I gnnent
Compytes Biggramhninen Bjod 61, 2 Bupg3, cacht of whick it hegehyupsorperated by

h |..As il] ated in.Fiqure 5 bj
refrenly R ghi creped QR EY BT SR E eSO Dy PRbE; o)
préSRmrhiteS 8 dPRiRietsSardPmhbiesais® of (i) wérmPFi@QJseBﬁroslgms,S(ﬁ)

are identifred for pernmutation_into all possibl
opspal stbstrugbjracnddiio aeerewinstioat Dypgmicorogaaming usually takes one

e [ all Q '
of o HrBF B SR PaBaClE Hhor AR B bsicheh, dH g or-
ddxh;_‘;‘ apraadhe ﬂﬁaqilz__rbbﬂemals 'lggjmb ito Bﬂb};l(ﬁb%hﬁ, arigal%esex;ahﬁlbbl,ems are
referring to Figure 5, abjects X Y, a re . .
sabgdernndd e sofuldorsgemembared. Bass tep aper, o e oghin. This i
reS %J§§€Pi§%rrﬁé %&%@ e PRTRACr. D AROSGHotn-UB Sproach, al
subpodliges thatsnight bemotdedrapesalhel mbjdeatcesat thatarsed fd did up
in.th% ast instance of step 404. 10l n sone
SOUNERR 'girzpr&fsl%‘?' ect group) =Esim(23"i3j) all pairs

<i', | BoinB elrfbBd Pl D hdvaaRigs OF iRl iypRally, each experimental
essentially the total sumof simlarity neasures
canditiomainvelves oivjtinde raplicates. florsugh pmbpdissnisgihe spategyHisrte first
A and fij are the ith obj ect.and t.he 1th obj ect
gl By P S 0k EffoaE {HFebr s S the methods
il neased & Pt emnd3! afidieRiribedrBbveaiepd each ibhge Buabplicate
enbodi nents, the simlarity score for the initial
taken yirrs e iespoParimsatel eenditipnsn Thegy Angvsragg image is created for

edch Zoh GHBE" Fﬁ%bﬁ éﬁé’c?@ E‘)!erﬁ%é‘d d@@é@& aﬁéﬁé@acﬁ)ﬁ afl e&ﬁé}hﬁ&ﬁal

group B)+ gro
cat@itteisisinig3he eheBrideilhisirated Jui-bigug¢sSpgnded andpddsersbediabpye, where
ealﬁgih%gjgg fs,@noaaft & J%épgp@a érlpggl Fpgp S i:n@p ;eﬁ)_é]cp‘?eg{ g:%:%)rgé grgl?o gllelllts, for
the%j"%ks'%ﬁre@n ing the same observablel B, mdiBbotiONn the replicates, signal
enbodi nents, the simlarity score alternative

ingdnisgy eals0 oEpidspukaicked sud ufedrto ligmobjieca ireth§ manmer described
AR LORIE0L PEOROSR o J. LD SET AR ) iert lefibaion,
or absence of such a perturbation to which a sample is exposed or not exposed prior to

measurement of the sample.

44



15

20

25

30

Esinc-fii,231>+sim(ji , 12 j) +Esim("3"fi,) all pairs
<l,j>in object group Aall pairs 4j> in object group
Ball pairs <i,j>in object group C30 = simX, H)+
simZ, J) + simY, Ky . In some enbodi nents, the
plurality of inmages 46 conprise 1H 13C nucl ear
magneti ¢ resonance spectgpRAaMpLESM(P, Pi) for a given
pair of objects /9"fi; in an 5 object group 54 in an
al i ghiffereniof indoedsiraig swmmzéd’ tagreigmiriophéraindooidhg

nes I%?tiian: sim(fii,i31l)=-{dist(f)" )}2 =-{(C-G)2 +
K? 21, where C, is the coordinate of object fi,

i N e thSGertbioBASIyOIN; the shsBehtHlitg AP b pandlof 16finkd alsdStrains
in the 13C dinmension; H is the coordinate of object

tosleveloping liven togjavyridicn A singly; 300ime/ke intreperigneal deseet

anEtlﬂ” (% HAII W£ aggé%e]dl _ﬁlléj &&‘E n?if]%%vsno%qgﬁlo\% ?OXI%IQ’ IE mxce

nor na I Zl ng cons ant’,
Duaétethei2ddaubperiod sfterdopiag dernim glahine adiipstranbfzrsd $ALwy,

mg%c Efﬁo & ?veg fs%fga%ewd Rk ﬁ%g ggﬁe&eﬁéﬁ exanp! ggﬁft:rggmglty There was
T e
I neratinstrepreduibbyt deeldpad Gventoxidityrefis recmnng\IMﬁs dwcnfr u m

et RO L PG 5 DF GREEAE M WB AL ) 5B atgPbet cxposure

callbQURoR4IRy g Q%%'[E’c%ﬂf éfcéift @Y\ﬂlefrﬁi‘égﬁ%nyﬂﬁbieof JWtrains. However,
di stribution - Rc,c",e+ Re], where cue is the

the &fly atmamdﬁmr@dwbly resistantdp oveloping dsigoindeesd livertoxicity.

e R th imum.ra
TG PR B8 DGR CRL O R i AR ek BB P ey o
méH ghalkaand GapsithtiBéresheiin s@unoAbTased form fromthe
reference data. The upper bound Bc for the carbon |

di mehe g vesthergshetirebgsidar thssoinies-straipiiffenspess. »eetaded
hiftbki ah&m&fc@hﬁ@nafﬂ' ARNSLAELIGRAR REIER OZ%eaérﬁg-lﬁJth&“?eSponse
ar fay. nt I's then

sim e nornal I zI ng const
mészbfsrcﬂitzeﬂechﬁo@BesMaﬁﬂ(/S}J D) and three selected bensstbreg C57BL6, DBA/2,

ong A RS tpersEmetot i Byry-SER by 67 spepmipophen

tr&'tﬂi@rﬁ PRtd wa atQbise %@‘% m&tAity 'aﬂmﬁ% nﬁ&i ﬁ&h tﬂé ﬂ]&'&e s%ﬂsﬁl@e strains,
an alignment proposal is conpute

whqrmssadKS\Th @196}@1'\::1)(@(} ) I addipn, the‘thrgy gensvﬁvg m@‘mns had X distinct

iy nSRif. G B miGHaganoR s vtfh FE BB osing,

wiilYmotglifyhe tOINMiaRa DB AN 0l Gecivddht DA@nd 48 hours afler dosing,
dimension; Y] is the coordinate of object j3 in the
respegiinddris H@.ﬁologw@l examination of lver tissue sections confirmed the

biochemical and morbidity analyses. Liver tissue from SJL mice had relatively minor
drug-induced injury. However, liver tissue obtained from the three sensitive strains
showed quite extensive centrilobular necrosis.

Differential susceptibility to a hepatotoxic dose of acetaminophen could resuit
from differences in the rate of production of the reactive quinone metabolite that causes
liver toxicity. However, the resistant SJL strain has previously been shown to generate
the same amount of hepatic acetaminophen-protein adducts after acetaminophen
treatment as the sensitive C57B6 strain. In addition, the hepatic gene expression
profiles indicated that acetaminophen treatment induced an equivalent (or greater) level

of DNA damage in SJL mice relative to that in the three sensitive strains. The level of
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A. is an optional normalizing constant. In such

enbodi nents X i s determ ned using any suitable nethod

for bal ancing the X dinension and the Y dinension. It

will be appreciated that simlar distance 5 netrics

can be used when the plurality of inmages 46 conprise
eiﬂ?és%ﬁm%f'ﬂ%@é UANM Nt SRAG thah ard AdicaltirIBNGL TIA daREES Felponse

hi gher order spectra, where additional terns are
(Iécﬁtﬁe Dnijhl; el dadddgepwasincicesedde thetdame ehtambrinodll fot stragns.

sed.to .co I t t.o, h | e. t he. t |
ThES A RO Ridose At et feni ol i fheTotioRad pro@hddducrs
alBacdive@s R DNARENSge $édpohad ih r¥sidtint STE Pnidh the Bahs' 848t as in
but not limted to a Manhattan di stance, a 10

thersutrgptiely sirpios.ahbis Suggﬁsﬁﬁbatt@eb@tw@ﬁfﬁmm@fegtm&the host
rePE (e R AR s RIS BB B A SRR AR i

siseEptibility ite Bcctatinbpbdeitiducedriinar Mmid{@m&kmhdmsdra,rthe fact that only
Such netrics can be conputed, for exanple, using SAS
a pinglesirainy was 1apigtaptand téyéf@%ﬁtl%hwg theTgsrRonseameng Tfh@rs@frﬁmve

=5 e i ok M b BcRL £ (CRLAP R5BonttiBie1p esistance
alﬁ)@tﬁedhbrva@@ﬁns 15 Dat a Anal ysis Tools for DNA

M cr Qar S man, & Press L

cha [J’{’E of WF‘HE’”PE”%’%’P e %%26‘8?%’[”6 gB er“é‘f"é‘?’é"n%’%"’ ession
cRYBS. rrEﬁ gbﬁ&;s‘%ﬁéth&ﬁhé‘s 4l geRl e PR ROSRnges in lived Were examined
some enbodi nent s epurallty of images 46

atdb r?rpmdédpwmﬁm iapetARiTPALD exrsutedn messtﬁ(lwsm) dnok theee

RGP il

gerlRk cbnﬁﬁbutm% © resik@nte ﬁ)fh@&aﬁiﬂldﬂhﬁﬁ-ﬁnd@l@éﬂlﬂver%bﬂm
{dist(p" p) ot herw se, di stcfni,i3j 2—

end[ogwousxawgahohtéﬂwgr prefilgd uping sHt Ff“e erdieensinnal- analysis.
OQPJ ﬁg)t m 135]1&% B?%lét \ﬂé@ﬂ%ﬁtﬁ*{e&ﬁgﬁ%@ re]x}gﬁlﬁéd %SC[B%Q& Nl %rmcupal
ccﬁﬁpj‘lﬁnﬂm&ysm‘ (Pa))e@uda, 20018 H&ttéfndi’lmﬂ‘&uﬂnﬂ, thhn V&Idy’r& Sons,

coor di pa of .obj ect At, in the nS|
Inge 6y Tl-P% 1 Ie%ﬁgtea?hy incorporajed rwa§ u>°<e¢£°
1cféﬁﬁ@rrﬁaa§an n@bﬁ& tﬁé})’dlsqtﬁigh%ﬁé@ﬂﬁ%@ﬁﬂsefcﬁfth@?énéi'ﬁ% Rain from the
the”X 30 dinension and t di nension. I n sone

theerediistahsteaing ﬁﬂlqamhah(bhte prozfﬂes orgesd theeccmmpyr aftaesirug treatment
nsi. onal spectr and si m(
fé}?‘:i“?' U“;a IF %?ta% 3%9(“? ﬂ%fﬂl% JSSI&SE%V in an

0bj eGhe@fRb NS ﬂ'lelte{boﬁﬂas &htlﬁﬁ] &R:fﬁeaﬁsr ﬁﬁﬂﬁ@ing‘uﬁsh@@ﬂfé%ﬁﬁmse of
as: cXx), if ol X { X ,larger than an

(hgpi ANt Tromahe trps senpiigs stainy it 26ty Guceoyrs.atig drug
eyspo’sure wdt hc?enWﬁé&. N?né"é]ﬁ%rogenous metabolite peaks had a unique abundance
pattern in the resistant SJI. strain, which were qualitatively and quantitatively distinct
from those in the three sensitive strains. Using resonance assignments and
confirmation experiments with purified compounds, the identity of eight of these nine
peaks was determined. Three peaks were assigned to glutathione. Consistent with its
resistance to acetaminophen-induced liver toxicity, SJL. was the only strain that
maintained its hepatic glutathione concentration three hours after acetaminophen
administration; hepatic glutathione levels were significantly decreased in the three
sensitive strains. Five other metabolite peaks were assigned to alanine, lactate and

betaine. Microarrays were simultaneously used to analyze gene expression in liver
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- {dist(jii" /if )2 =-{ (X, - X2 + )2} ; X, is

the coordinate of object Ain the X dinension; Xi is

the coordinate of object in the X dinension; 11, is

the coordinate of object Ain the Y dinmension; 10t

the coordinate of object fr., in the Y dinension; A
obtiindd ROk fod stPARSbADe, (z&8 M PARAIhRB BoliS afﬁ'aleacetammophen

correl ati on between a defined nel ghbor hood of object
admaxmﬂrat;bp eblsing pre-determined yelc@oa omrgrﬁfolﬂﬁ:hangw 2 and p-value

ti .
<GP iRt SIRGH LT e e b
sigdificnt®y dvefegat ﬁ’f)ﬁ’lrth{lﬂ in the thtdeensitive s@ﬁﬁ%@%dﬁs%@ﬁ ﬁeatment.

are particularly useful when replica inmges are

Thiy daree prabergddi erantlﬂbgfé@rw@i gavay Bmited Keerrtilitg ef analyging the
&é%&hre@ﬁgﬁ dgtg.tb&rq%eﬁx We@@ﬂ“%é ntg thﬂtahﬁ ?15 012%16 genesgxpressmn
B0 ica i mage are av

altd)lgeﬁabelﬁte tdatafpeovided p hidirﬁi'dstrict@]f set ﬂﬁ%&wﬁﬁa&hd ©86ad3 to consider.
replica i mages. For _ exanple

resent WO no
ﬁareae’rofttﬁese@aéeewz} EXPFRSPe gangs Wemﬁmﬁa@é%y apyotaged in the
Ggue ?Hg)l fdMage 4% binPink Rkl %@m@%ﬁbgll l\@réosve? onl tgree genes

replica I'n t |s case, A an avéra
(Rdbdctibpd, ambB&lmtﬁ) thge p@tﬁmmjfe@taimh the fmy ehdoguersageadbolites
toggt%atof mage CD. I nages AB and CD are then
i thods described in Figures 3

and 4,and hﬁ%anﬁ%f & @R@\Featment. Seveh 9 %@t QRBPHidBAL Saice

a nei ghbor hood regi on surroundlgg each ect inits
wergt dhjan¢diiga Jaeksdn fliahertorRéBa H elirpatized dgwan

0 reqi o re stored .as one or. nor
i P SO Bt e Fi5yBngp dae %F%%‘{m%‘ﬁefeﬁ“‘g}?d SIL,
LabjBAL BGIODB AZAI, ATNAKRA, AGHENh29/8oD B 100DZ- 21223 NN O59BL/6J,
used to measure the shape S|n1lar|%%¢betmeen a pair

NEgW/bagkNZRARE MBLMp&tCHH Hed Heb/botMd) afﬂlﬁétﬁ%efﬁwémsed
ur%d%ﬁg%l;ﬁé%&fﬁe@@ﬂvqp 8 eﬁ?ﬁ’[gd }gfow]dg t@dﬁdan I with a

nts correla ear son S corre a 1 on
12oEIH fighte darkbstcleeenil Ehﬁrdﬁéﬂtzﬂeﬂe nBB@)k'&)ﬁfch@QﬂerﬁﬁerﬁJ food was

d fif The | t ty I, f fi d fr
wihheld 'aom@r%fn@%#s E&grgé{héfa?ﬁegﬂa% glﬁtgein, BShior e.lfarmly deplete
hdpatid gﬁﬁaﬂume foRds, Yall hﬂcet WereAdRAS SIS Sndl 360 LAl 200

I's a peak in an imge 46, such nethods nmap the area

intrepergbugad demlﬁﬁbb’quemred h@fipmahphdm{‘fs)@gtﬁlobal Distribution Inc.)
sFRRRES GR PRSPl P B e THEVEHIRS bt By Bt M e

tr&flieal. TeRhfice WBR dudlan®ze@fbyld\®, MBARGS tol B M EBsamples and
di stances to the nmean of the correlations is used as

i tsies pheasor breey bsiyaRersifier deshesTIx oI mice wer
mggirﬁ%g{i g(%ﬂl %Irho%.ﬁsfe P%rqge oécl&?reﬁgeu(ﬁr a%e‘rlgimﬁog?lglg u% Sy d%%hrﬁ Blood

:l

neans are ca y ran

sapipldd Wwereavitialirgen by ﬁbt@]liac(;ﬁm@turd&ld)jﬂﬁ)éeddﬁ M@@bat@@hist and
such that any pair of %Fcts is fromdifferent
pl F‘?Péfg éenaﬁaweweﬁ?laﬁéwtqee fﬁ%ﬁ‘“ﬁ’@r é\%@‘é@e ampinggapsierase (ALT)

i nb‘hg%sérreﬁ aNhterMErstéagl ne HHQ@{M%@&?@? is@onsm)

ment s nis as t e ratli
Listntisaeswdevicaibivedh llmhedilb.tebpmﬁi duit arto ko fs¢<moa$1d“1tf$maller section

st and ation of th i nt ns' .0 [ .
st bR bR T aRpesiitdy Tandaetiolgbicd elmiguosgstained
wﬂﬁﬁe@dx?hﬁ BRRd BXATRING RRAURN fofRstopdthbD g%&RIence of liver injury.

ot h erw se.
The remaining sections were snap-frozen in liquid nitrogen and stored at -80 °C for

gene expression and metabolite analysis.
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Step 410. In step 410, a sel ected subconbi nati on of
objects is reassigned to object groups in the

sel ect ed subconbi nati on of object groups based upon

the object - object group conbination alignnent

proposal that achieved the best simlarity score. 20

For  paibRlif, exirat 86+, INMR bRalpkis Wil data procadsingD FRdten liver tissues
proposal 2 achi eved the best score, than o j ect

(-Pea&g) gresepelyenrsideith Yaed psutwg@ﬁ@n@ peediately Blunged mlto 15 ml of
f.
gﬁé%élh%l@& S§ B%%%ﬁg/?g?}ﬂ Peﬁ Osgﬁﬁw&%' 'rler&gcll gﬁ ﬁfeﬁmﬁg aﬁ@@awmg

thpafeqpmthowtghﬂ;m@ketdh endobeh canfiged bhEOGE gcfd;r :90 mlnutes at 4
remains in obJectngpup A and object Y renma

°%b]”é<‘c%up§¥r@m@tsswer2 d Y@m@d-‘faﬁugméadzmuspsnded in'500 1 D0

( su co :T%g\ét)%d of obj éct gr ou %Shg%nt | lé“ﬁﬁ%?atuﬁeﬁ ftered

thragh lioAddandeffdfltess @bicARPn Aad- e dhillpoad) mtateenb\agmeamtated

L b e S Eo BT SRS o
sdf_llhgﬁlBeﬂ -’méy(ﬂ,ﬂgwl%grl 1 $1dradiesibrivprobiont (PSP asiBingYAdrich),

until ther een an instance of step 404 for the
Whh@@@ﬁasemﬂualﬁa&bmﬁ&mﬁ@wﬁmmdﬁﬂﬁe1.30 and anot her

o | ARG SR iR el A 8§ BrogE Padpt FRER

speB@sthbiet Q&raﬁhdgf e faafueh@séfmwm}ﬁtaaa YORe cyﬂ @f 150.87
been eval uate agalnst every object set in the fu

M7 ggingeh? opn dlsberas micreproke Withaoitis Bulsedpﬁglégach@lts B@gpnances

é‘% g’l’?&é’cﬁ%s?ﬁgj I]B?E?tggjtséeg;ttrapﬁ? pggxltgltl @(ﬁ'reﬁllt?% ?;ééch)ﬁsc%&ay COSY, and

215| HL}F@ shgld-boransriclaehHSQT {geowd. ahem usdd mtlmpqu@ﬁmuVe

obj ect set correspondin 1 may be
g%létf: RA RS EEE PIHed AP ng ef A{Tf&g(ﬁ Slamétaéwﬁé&smg Z-axis
*E%%eﬁé‘?% RS oE PR AR IO SRSt AR dE pain 16 10 64
scians perRIBn &3 afd %i@mlﬁi@zforf the " agd véndisaghsiond Bnrétqtdrspectrum

oGS BETRT b > okt DR Bfhpaeats Wore SonGbad tygpauiring

tht Bp&ib@Prdddhpled sﬁ&b&%ﬁﬁ&iﬂéﬂ cbﬁlpﬁﬁﬂﬁ as to whether
any objects were reassigned to different oﬁgect

gr oupd-NIMR spgetrd pisrupracessed with T@@SF(M {Rrukers Pillerive,
M%?éagﬁlﬁs%etf‘ss taﬁ% %tgrlqre‘??&(a@l grﬂger 3919 pé§r4A§ls|]éjtxnef8 and Integration

S@ﬂt\ifﬁé patkage (Ul US@UﬂmFraﬂbﬁs&OGahfoimmsf lecdgpitesl desdribed above in
i mage 1. Then, when decision 414 is reached, the
W&l@ﬂ 3dth ffighres fetBrugh anwrat wedde plhign the epalisgiccymiggdn different
p}gﬁ ﬁ-ﬁ?ﬁ%&%goﬁ&?ﬂ 18 thd s PMCRESBLIVE M‘ﬁﬁ&“&%%hgﬁméﬁt
) 'S ttern continues until no alterndtive
pafdrgieden twqostepso $ntle fsestas cgpicatts farthe bemodiyaic 'WeEGﬂlgned and
for i ma eé% e ob ect set .for |na e 2 for t.h
N%Tﬁg %‘}E{A cé‘iﬁt f Wobj wicd %E%R‘P&g %é‘l‘péﬁ%eéﬁtwﬁ spectrum for

t‘nﬁi ﬁf%uﬁ]' 0Zhe MBRACORIEC ischRRVR I BEN 2RARAN. LRARShORRA dIinment of
fferent object groups during an instance of |oop

th4 MARldate( 414z Negned me@lc elsstegsowene dherplalésed using ﬁmefpllmg criteria:
416. .1 t det t
CHEEmERSolE Rl e PrSen iR B S e o AEple g Tom e

didlet<n BRAThs MEPRAS Hoiti]I2) tHRRN%ERal ﬁ’f&s@_,bb 2151 :p&{ was larger than
function for the conplete alignment proposal is given

teas(32 O f@ld-glmmeaof ﬁreotp@@maj to-the fyinijed entenpity yyss eagater than five;
S PAS f

DRI RGEpeBed JEBRLPE LRI B BB Biludsd bouse
usi ng any of the methods set forth above If t he
obj ective function has inproved in the last N
iterations of |oop 402-416, #kere Nis 1, 2, 3, 4, 5,
6 or greater 25in various enbodi nents, (416-Yes),
than process control returns to step 402 where a new
subconbi nati on of object groups formthe plurality of
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30groups 54 containing the final alignnment proposa
are stored, however transiently, in nmenory 36 and/or
data storage 14, or in sone other nenory that is
accessi bl e by conputer 10 across w de area network
34. In sonme enbodi nents, the plurality of object
they QRShiSRRL AleAhPsing hRedkls AdletiAdithRb crRE 8P AR thad fanked by their
outputted'to a user interface device, a conputer
ANENGAIP-ealeasor age medi um a nenory, or a local or
renote conputer system or the plurality of object
groups are displayed. The process outlined in Figure
4 i s ADLTERNATEVE EMRODEAENESAND REFERENTES OI'HED
alternative enbodi nents variations of the search

al goAlItrbfraices sitddetibreilr@fe ihBSThaiAGA, byl réfeS@I¥. herein in their entirety
enbodi nents, step 416 continues to | oop back to step

angiofpr gl prIposescih thosasirders apHorph idividinl prbligagpp et patent or
AT SRS i B aPA Ak
reffedivel ifl its @Attedsnfor@H.pyrposté.= 3) and N < M So for

le, in sone enbodi ments, ther e 10 objec

exa may j
gr oubeeh e H{eﬁ@dﬁmm%rap%'m?fw@ ffﬁ%ﬂm@ﬁamé_ese sed
- ] % ﬂ E. C 9 w !

heg}%ﬁépgg?a? t gr Stgosrﬁlgr%%i aﬁSQ(t’?rr)h('L'ef’né’llulllr'TS S e{a n%?ﬂ’l 0o btﬁg% ? Rebult (for
exgmpligdo 54ndmaor, e aniser kecingphiter madnbleemediboxig. mentage nted@ or to a

nunber ofsﬁbject groups in the subconbi nati on of
“ﬁﬁf%@??@ﬁ ps selected in each iteration of step 402

IS arhé yRGeH WiRkion S He AfplSmORE@6S a B6APREr Prdgranfiproduct that

ot her enbodi nents, the nunber of 2§QECt groups in the
caurtsssbicampltsn pofgrabjneshanisy embsddestinacoabuia readehle storage

I teratdon of st 4021 . . :
s e o E e B B b Bl Tu ko g mplemented i
orfd @ndR Zondpukses 6b¢@aputer SuRMmsSFuaher stitl| oot edhwheteds of the

in another iteration of step 402, four object groups
PrSgeTH iRvenEpR 6IRRE IMplcmented IHeNeHT TAGH SaMBRIST grogrHa products.

| -
SRR o0 B2 B AL S5l MBI comput
piioigkeetl produbiethatdncbii@r athiae straétidns dpr ptdrehiy anffan aB®f the

l.e, i . diments, th diti on 416- No, |
S et pore Sehp s (R Condlon B1E b L,
DVD, $hidretié Hﬁk%‘t’dﬁﬁ& %ngd't, drORp oftde gﬂfﬁ?uﬂ@?ﬁ:aﬁﬁﬁ@ data or program

repeated nore than e, noire than ten times, nore
stotagn pt@iict. i Swh meatbpds ¢anatsolgganbaddedin promangrit gioraggesuch as

dred thousand | , .Qr nore than a m.ll.ion_tijpes
RO G GrrRUE PIOGTRPHIDIR A5 BF 0 @ ibets erelisaiof pRoqif iieerated
cigdui@ ASWYs)S SRk PedhARnt $thiBe cabbdlotAtded A Yerge©80Y 11 access

search algorithm that is, any algorithmthat follows,
peink 862 db(veirsles| byidgg/siptipasrmeilesslecropic daykicner ether electronic

acal | [ hoi i f
arER SRR sEP st e SRR Al S BBERE
disttitutel eladticgidrmint viatkphsahetd2 StheFhde dhyowdrsidission of a computer

disclosed in Figure 4 nerely serves_ tqQ provide an
deiz steprl(ip hésheths sefwateduedul¢rare s ddedaitbeadigiey gr en o
y algorithns is found in Cornmen 30 et alL,

cz%@Sg\f;vgﬁgitroduction to Algorithns Chapter 17 "G eedy
Al gorithnms" p. 329; Cornen, 2001, Introduction to

Al gorithnms, Chapter 16; outin et alL, 2002, Discrete
Applied Mathematics 117, 81-86; Bang-Jensen et alL,
2004, Discrete Optim zation 1, 121-127; and Bendal
and Margot, 2006, Discrete Optim zation 3, 288-298,
each of which is incorporated by reference herein for
their teaching of greedy al gorithns. In sone
enbodi nents, a dynam c search rather than a greedy
search algorithmis used to d8fine the initia

al i gnnent proposal 328 rather than the process
illustrated in Figure 4. In sonme enbodi nents, a
hybri d between a dynam c search and a greedy search



programm ng (a dynam c search) nakes use of (i)
over | appi ng subproblens, (ii) optinmal substructure,
and (iii) nmenorization. Dynam c progranm ng usually
t akes one of two approaches: the top-down approach,
or the bottomup approach. In the top- 15 down
approach, the problemis broken into subprobl ens, and
whahe s Eyﬁgpproblens are solved and the sol utions
renmenbered, in case they need to be sol ved again.
This is recursion and nenoi zati on conbi ned toget her.

I n tﬂeras?t%& %Féﬂﬁmﬁ@%}é%&hn Pplliraity P 'obRIce8Ets | &fth dhjétiket in the

be needed are solved I n advance and then used to

plulityl of ehiedkoBeisi cOPrisingl aPlErRlit, PhRPIESE In foegrRsPonding image in a
pIu%’ﬁSQﬁ'wﬂ?@Eé wheiein 8MPEKRERD {éf:tstuh‘ @adipstthe palrality of objects sets are

ﬁt/M i cal , each experinmental condition involves
initigily Miagked &Séﬁﬂtfﬁét&ﬂe@e methed eHRIBEEHI nents, t he

st r@gegycdr%trh&mfg' Fo?tea%h'rgébe@mee iSctiif atﬁ”r@t dtﬁ&&tlséﬁtrﬁtﬁe plurality
for éach condition. This can done usi ng

of aichsets. # FPRSPPALiEE SPieCHIGUP é’z«,at §°%¢ﬁk!i‘51h%Fﬁ§P8%‘§’8rqb!f€8’” the first
obJ@LE%\é? thehbIsy &n@ﬁ‘ﬁaldg@;gﬁra'll o obRBl grﬁéﬂa@ t aken under

sama experil mental conditions. an aver ag
i md i scamridingdfor Q?sz'?éa%%“’é(slﬂiﬂ?ﬁt?%ﬁblefi"dﬁtalt§fgel Riggt setin the

pIun%Yﬁ/ d;ﬁg)%j%c{ %Qe@sﬂﬁl%n@l héthie BefifdeP EStafdet oﬁféﬁﬁéﬂoﬂprﬁ fHe plurality of

tions using the nmethods illustrated in Fi 3
objegidareuph dndether raspactivso Paieciniaeraby FOMAUHRG A | alﬁy “of “similarity

Ak n@ggg image fromnultiple replicates. In sone
me Ing mth s, for the objects representi ngq the s

obser vabplhe c(odgc@ in th@e@gg%ppj_e@) seFtr{thH'@srtgﬁ eg’hglgglanty score to the
tarq%t %B% %ﬂ&hgﬁéb&aed o ﬁ%%ﬁrg@?ﬁﬁjb&?@ﬂﬁo bh@ ecRrbPas trested when the

jects 1n the manner described 30 above. In
coos@n@teedﬁ‘gmnm@twm Kheqiiggt nait e d@iget abisst jgoup are below

bR, 881 bifdisbon, of absence of such

erturbation to which a sanple is exposed or no

exposed @ﬁdu@g at r@ISﬁ@gSQm@qhz_tﬁtth%ftargﬁteo@gﬁpgr@up WI\)‘#}EE@ordlnate
dlffgengé’ BBtweRh ﬂth&ﬁgctséﬁcﬁ‘tﬁb sigseatje&i frioliy 4r@ not below threshold

acet am nophen-1 nduced hepatotoxi city. For the genetic :
VNWﬁaIyS|s the susceptibility of a panel of 16 inbred
”Du(gﬁ% lregbgtﬁﬁ/gih% devpliiy B@p! (BYSbr LAY GEMintgt Sbje@ set in the

sin I ntraperitoneal dose of

plu@@mqnm@méﬁthmbym ip@ thertArast pBIBEt IrURe N t o
caugss |1 4Bbat@xiid bimblhild S@p B)rdi0irdRepRatiRetep (C) for each

per si ng, serum al ani ne am notransft erase
renanig fesﬁﬁ’fltb’ﬁcﬂhl%ﬁt aﬁwn inJiee plraliboelRbigcds grpuRewhere The respective

ob}%ﬁ? lg;?ﬁjs @é&?ﬁﬁétﬁ%@ Ak tbl‘g\éﬁbbfe@?(%s%'u?y whéfR@{ 8bjé8s that are in the

e severity of oxi city observed
same, objett @rpun ere dpempdde pgrremné\ﬁfé each gfsr, stPPE%bM @"9”"‘9 objects in

LRJUESDLY sdvel oped liver toxicity after receiving
thetpﬁf? gos l? %{ acet am nophen. In addition to the
increase in serum ALT, acet am nophen exposure caused

2. err t W’né gﬁ( ethéy 2f %\agrﬂ' { 1 gR&EinPeIFeRiefintthe ﬂlﬂjr’éﬁyfdefBJects of an
strains. However, the SJL strain

~ objeté ;sebmbﬁa bluyaliteef ahieghsetsds QBQFéFtSB?%’ngb@ ficgt F’W@ﬁﬁ@@& value X and a

Segobygrmgrg}gnqjaq%YThere was no nortality anmong SJL mce
after acetam nophen exposure; and they had a 15 much

smal l er and transient increase in serum ALT. To
3. unc?t‘(@hem?ﬁi cQ’ecnéjH £, \prfb?élﬁ th® ik ARSEhsid RilueS XIigdt carbon (C) and
di fTerences et ail hi st ocheni cal

the seepnskdimension aplueafis f@rri&daragﬂndw @ngrydiegain dhegoqreigate differences
d St I SetOM=Rl RS thé OBst similarity score

bet\?é%ﬁgsﬂthgmkiﬁ%%] § % St lragedldg:'\étf?ect ed sensitive (C57BL6, d

DBA/ 2, and SMJ) stral ns was performed. Wthin

forty-eight hours after acetam nophen 20 treatnent,

there was at |east 60% nortatd ty anong mce fromthe

three sensitive strains, whereas all SJL mce

survived. In addition, the three sensitive strains

had a distinct pattern of norbidity. C57B6 mice had
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30 liver toxicity. However, the resistant SJL strain
has previously been shown to generate the sanme anount
of hepatic acetan nophen-protein adducts after
acet am nophen treatnent as the sensitive C57B6
strain. In addition, the hepatic gene expression
toRhOtdrk8Dbjdfioah GAd iHeahroBCSH 8T Rieb(BMsBRMw threshold
i nduced an equivalent (Or greater) |evel of DNA
valugragleni N SJL mice relative to that in the three
sensitive strains The |level of expression of three
different genes that are indicators of the DNA danmage
response (Ddit3, Dnajbl, and Gadd45ga) was i ncreased
to the same extent in all four strains. Thus, a
hepat ot oxi ¢ dose of acet 467 rdpHenBi,nddices t he
formation of protein adducts and activates the DNA
damage response in resistafit- B|<@B,ce to the sane
extent as in 5the susceptible strains. This suggests
whergt genetic differences affecting the host response
to the toxeg, iRl @RPkIASHNARENEE ;e 3hiEA N EOREAL diect set
di fferences 1 n susSceptibility to
thatkisahe bey bigtitaritg beveeltd thy efrgétwbiet goupfur t her nor e,

the fact that only a single strain was resjstant and
the variabi 1S th st dmensiQsingicaior Srdhe Press ORISHFOMR:e
strains suggestSeddaadUifDistod AR AR CordROEHbG ih Bl @fget Sbject
likely to contripute to resistance 10 a ng the

seit ithot &ds ghiebasirssmilarity scorAnathestapendbject group;

acet am nopRhen-i nduced. endogenaus t abol it nd gene
expressio%ﬁﬁﬂgﬁ§@§mgéﬁﬁﬁﬁﬁﬁb “ﬁ§$§®§$?F%@§8ﬁ@° 8P
expressi 0B ¢ARIRS diMehdidieihrd¥BbRI IR MHged at 0, 3 and

6 hours after acetam nophen exposure in the resistant
(SJL) andBuhs the ssemdiditnoesien taesheld(lp@A, SM) and C57)
strains in order to identify the pathways and 15genes
contributing to resistance to acetam nophen-i nduced

4] THE nciod sficlaim T Rehetdifl eganipnge e thaphiralig D iBAges is a two-
profiled using 111-13C two-di nensi onal - NMR anal ysi s.

ionglomageabol i t e peaks were quantified and

anal yzed by this nmethod, and principal conponent

anal ysis (PCA) (Duda, 2001, Pattern Cassification,

5.J 0ha matheelof& ok whepdn gagipimds6 8a S8luralifyalf imsgdsas efpN-

incorporated by reference, herein) was used to 20
d‘i“&?é‘ﬁPPF‘;ﬂ%Pva rpmﬁbsegwglﬁohl; T YPLFS ngui shed t he
response of the sensitive strain fromthe three
resistant strains The netabolite profiles obtained

61 Whe enctipnd of cddine?, whengin trcoatdimait didfetdnse beiwican 8 object in the

resi st ant mce.fromthe thre ensitjve strain
torGr8 PBIGY et PR BB A0 TP LG WS ToTe T aebiticcd Rifup i the
tadkb st LbRAUEBNA th §BF (B ESPRRWEHREshbIEVAIRSivHeaNt Strain

fromthe three sensitive strains at zero and three

hours after drug 25 expoddie-GEreBj,dentified. N ne
endogenous net abolite peaks had a uni que abundance
pattern in the resistant |S$Jl-€}raBn, which were
qualitatively and quantitatively distinct fromthose
in the three sensitive strains. Using resonance
assi gnments and confirmation :experiments with
purified conmpounds, the identity of eight of these
ni ne peaks was determ ned. Three peaks were assi gned
to glutathione. Consistenicwiih itp 30 resistance to
acet ami nophen-induced |iver' toficity, SIL was the
waBtey strain that nmaintained its hepatic gl utathione
concentration three hours after acetam nophen
adm ni stration, hepatic glutathione |evels were
significantly decreased in the three sensitive
strains Five other netabolitélpeaks were assigned to
al ani ne, lactate and betaine. M croarrays were
simul taneously used to anal yze gene expression in
liver obtained fromthese four strains before (zero
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20 hepatic glutathione stores. All mce were
adm ni stered a single 300 ng/kg intraperitoneal dose
of freshly prepared acetam nophen (Voi gt d oba
Distribution Inc.) suspended in PBS (pH 7.4), and
were allowed free access to food and water after
t reat nent .~2T. L6 Q: }(&g ' Y, o H{Ea{aﬁ%' .
to coll ectc"b gggllsgrrp e%ngﬁgﬁﬁ%gﬁdttlﬁgsog% nlzla\t zer ett%gjca set
tHalhGhe BOH sthiarftPlote B the tarBAIbGL grbli; I €Mai ni ng m ce
were 25 nonitored for 48 holUrs Tor the occurrence of
acet ani notids thieritl dbraehsitapintizatoBlferalle tag bBctgoep; and
wi t hdrawn by cardi ac puncture and pl aced in
EDTA- coat &disttub&siimandopthasseldslimit! es wer e i sol at ed
by centrifugation. Al anine am notransferase (ALT)
activity was neasured at the Marshfield Cinic
7L 9o hRlNd T1diMer, Sitetcth BachMige NSihe ?mﬂww ithhge8 YES two-
were renoved i mmediately and cut into two sections.
dinpemsional imagesect i on 30 was fixed in buffered
formalin, processed by standard histol ogica
techni ques, stained with hematoxylin and eosin, and
8 eTasmvgthd (FcldiinSt, 9RO ho Ghagetvithieplagliof of imé@es is a
injury. The renaining sections were snap-frozen in |
twq-dimensiongl dhe Burdeat magneficesargpcReirugand the objects in the

. r i . t i ab . ;
O
processi ng. Frozen liver tissues (-500 ng) were
pul verized with Jiquid nitrogen and i nnedjately,
pilin gethadislas ivhsrotn a6 g i SGWT&E 0 %ﬁé@%@%
di%bﬂ;éngfonaﬂm&%é? SabRiR feYSRADINTIRG S3dcReinA A dhtbanhffional NMR

ree tinmes, thoroughly mxed, and then centrifuged
spEctrad, 000 fourglimensi@®l MR tspectiamm dndsthEobjEbts in the image are peaks

.S rnat ant s re dried b peed-vacuum an

i B8 SRt Bt i nspl B i BT SR spectrum
Laboratories, Inc.). Sanples were then centrifugally
filtered through 10-kDa cutoff filters (M crocon

1§:MThe mefhad) of siare) 1, wheraimany Enggedniths platabiay o isragenis apfnuclear

Ofvieh{a{lgetr %ﬁ%ﬁ’%e}rnﬁlﬁ’famdl eixéﬁa%gg 'Eﬁo%s% %l)é[c%n;, ) talgpdiﬂllensl.?grgal J-

cont al ni
re30ied (13-} tpdctroRy, Ahbslohydpar2IP cdrdatte {CQIRY sct-ap; @ @D spin-
et (FEMR RErys; 3 laved cobappeedpBeRT SRREASED-COSY)

dedpatnFe9d BB AKEr SIAVEHEE (HQY M’% 1134 1

Sé%@@#%gﬁgtéﬁ opé?gp?ng é?’%&-? frqugﬁky 0 56€}S%COSY
spddizruan d rdt3thd-fraqea¥ol (BOEBX).spFctividz, ausiahgoreel@iamiT OCSY)

Nal orac ,m cropyobe with z-axis | sed-field gradient.
sheEbORaACE e IS Pl T bRl S shediiy < *op
h%ﬂinﬁﬁle%ﬁﬁip?é&ﬁ’aﬁtﬁﬁ %Bﬁ&@ﬁ&mhﬁ%&p&ﬂ%rﬂ- 8 &bteronuclear multiple

-1-13C singl e-bond correl ated HSQC spectra. Peaks
boskcbriciatidne THIBAY) ispectiugs arrwpalivkensiensd hetespauslegiegoarelation

j from2D 114-13C egtra uj in
B EEPR P it i 0RO AR R F oY S um. ora
t6@daaédsthal BRADWGUAEESpageithl ed using 16 to 64 scans
per FID, 1024 and 256 points for the 111 and 13C
di mensi ons, and total spectrum acquisition tines of
1 T SR, R B SAIEO BB LEARe: o
dpnersidnathgenspotladsmagnetic resoRixchivRecsuacindoobij@rtein the image are

rocessed with Topspin (Bruker, Billerica,

P é%&trﬁ}?@eﬁhmsﬁﬁ%l%%réﬁ“ﬁre@{ BHERPHITCRIENGT POEF U he
Sparicy Assignnent and Integration Software package
(UCSF, San Francisco California). The algorithm
descri bed above in conjunction wth Figures 1 through
5, was used to align the peals& occurring in different
25spectra that corresponded to the same netabolite.
In brief, the alignnment was perfornmed in two steps.
In the first step, replicates for the sane strain




10

15

20

25

30

Each of the methods, conputer program products, and
conputers disclosed 10 herein optionally further
conprise a step of, or instructions for, outputting a
result (for exanple, to a nonitor, to a user, to
conmput er readable nedia, e.g., storage nedia or to a
12.eTHE SefHHARM RN -1, whereirl A€InpRSE fHe PlMBRL dfAMageyls Re
i mpl emented as a conputer program product that )
twpApranswsakhasrmglear megaiicapioraaeinrgrine asbolieefs imthg image
er, da i - E r, f
o R GRS LR R TP R i FUChIRE sp bt
i npl enented in one or nore conputers-or conputer
systens. Further still, any of the methods of the
13 Ehemethodwd slaimd » 2dgreppan fyperehindbe plarabifeobebipsisets
c&ﬁ@@&%gbpge‘g(an1produpts. Sonme enbodi ments of the
sent invention provide a conputer systemor a
conmput er program product that encodes or has

I nsfructiqn or performng .any or all of. the 20
oo et et cblad® Rbeain e St sEhiboenflie pletreses
cEAPrifRS 2680 gbReison a CD-ROM  DVD, megnetic disk storage

product, or” any other conputer readable data or
program storage product. Such nethods can al so be

dded i,n.petmanent storage,,.such as ROM. _.one-aQf

1Sor B BB Sl B RS S niies SprSE T (muctear
mape&iciresonafideagpetr £ en & whérdin SsifrMidtifyShetriSe6mpirE iRBEP(B)
storage can be localized in a server, 802.11 access
betsisen the obfwp 71 hawingghebest pintiligiey srorg todhe tangsiiobjsct group

el ectronic device, or other electronic devices Such

Fre{ hodsl.4rie somputed aperdmgrip thedprmpilagr am pr oduct can

al so be distributed electronically, via the Internet

or otherw_se,= b LLJ . SS f_gJ ut-er: _ 2
signal (i SR ) Th Hi%’“ﬁ%?é)}ﬁoaug@@r tgi‘gn%%%éd)‘qf)}
either digitally or ‘'on a carrier wave. Wat is

cl ai mhete 1. A method for aligning objects in a
plurality of object sets,_each phject set in the

pl ur al i t yCers Bpperrdinateqlsh i i a‘ﬁﬁmﬁs%’?;ural ity of

objects in, a correspondi I g N a plurality of
i mages, mﬁewéh%c%%aﬁ*aﬁof{]ﬁeng@?eﬁ dineRSI8ich of t he
plurality of objects sets_are ipitially marked as

unt r eat ed i isBe pRyHBRCH By ustihﬁgfﬁ dimension; ( a)

constructipg, for each respectiy bject in.a first
obj ect sefl{fhe ﬁ%orﬁm%ﬁe Py “b%heogj Jersenand,
correspongLng g@%ﬁct roup that contains the
respect i ve b 1P HESEPE st obj ect set, thereby
constructing a plurality of object groups;
(B) computing, for each respective untreated object
16.nThe tathpdtof objimch, vderein thet fveilptitymadiiic peiwfeen Bjcedtject and the
sets,.a simlarjty nmetri.c.between a target objec
s 3 reo b Ry SRR iy ARy SRS betwon the
oﬁ@&ﬁ@ﬁ&h@ﬁt@@bﬁﬁktgkaﬁﬁ@@%mﬁpﬂﬁﬂﬂkﬂﬁnﬁmﬂbuﬁ@hbb&w@£nany
simlarity netrics, erein ) t he obj ect
othar ebjectiin thyderesbpeicet sseand BgtargeiobidebiorBt similarity
score to the target object group is added to the
target object group and marked as treated when the
12.00hélheatiod oficidier & vdeseiheiswmiiatityanahp etwean thd dtgect and the

target object group are_ _bel ow threshol d, val ues;, and,
tapget @pwcggr’oup has'the best smnlazaa'och@ whep ag%linH@rﬂaH}lggp betyveen the
. I
o e B R s BB e i ARK S Betpreg o gt
olgectip tir rgeobbjoet wivanditesingbtobyadt gassp. (O
repeating the conputing step (B) for each renaining
object set in the plurality of object sets thereby
popul ating the target object 5§roup; and (D)
repeating the conputing step (B) and the repeating
step (C) for each remaining respective object group
in the plurality of objects groups, where the

s
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2. The nmethod of claim 1, wherein each object in the
plurality of objects of an object set in the
plurality of object sets is characterized by a.first
di mensi on value X and a second di nensi on val ue Y.
3. The nmethod of claim2, wherein the first dinension
value X is for carbon (C) and the second di nension
value Y is for hydrogen (H), and wherein the
1& obhetingthod oflclaina l etheancthed watbar ¢dreprisivigeentingiping ke assignment
that has the best simlarity score
o#é& %HVE%Sg?d QSF ﬁgwﬂ)and the target object
group in step (B) is below threshold val ues when 51c2
-001 < Be, and IH2 - Hll< Bff where C is
19-hBhe method of laisl8nwherginghe eptimizing e YBPREEST n t he
targ .
to b TREED ElorRbidi g eRbs B pRILY o 666 sroups:
di me¢ibiselactingdihe atiaonftimationef bajegetﬁ-dmbhxecbjeqrsewp théBlurality of
i.s the second dinension indicator for the object in
ohifrds st Het arsrdstedsathe sbromgmatierotrhicct grmPrar ity

500" @i Qo fiRink Y B8100) B6L 10F R polnIE B réog&éi?@ijoup

di mens1 on cat or e targ t Jec
cdBebinatidrhe the sed¢ctell subnambmatibm eSdlgeas bndnthe selawtekl d8B8kinbination
ﬁﬂi}lt he secon di mension threshold limt. 4. The
im1l, wherein each inage in the

pl ur @b) Ite)(ssigmﬂmg @élebt%d Sl ORMHMM RSO IMd ctd ITABEobE& sét to
The et hod laim 1, wherein each inmbhge in the

olpf:cu IE2oUpsyn dfe se}m@éwb@r@lmnwcm afebiicbaraups basgé upon the object -
rein N i.s u 0 ter. 6. The nmetho
P e Sl thet oGP s P R W
object in the target object set that has the
best simlarity score to the target object group and

2Q. hEhemethgd géelagp Jl8cwh@r|emﬁ5693r{n§t(éa apg(iv) arepepegigd for each

Ogéﬁf%%gﬁéﬁﬁow&t sefsY ? 1 C2 -C41 <2 v -

21. The method of claim 19, wherein steps (i), (ii), (iit), and (iv) are repeated for a
different subcombination of object groups in the plurality of object groups.

22. The method of claim 21, wherein steps (ii), (iii), and (iv) are repeated for each
object set in the plurality of object sets with the given different subcombination of

object groups in the plurality of object groups.

23. The method of claim 19, wherein steps (i), (it), (iii), and (iv) are repeated several
times, and wherein each repetition of steps (i), (ii), (iii), and (iv) is for a different

subcombination of object groups in the plurality of object groups.

24, The method of claim 23, wherein, for each different subcombination of object
groups in the plurality of object groups, steps (ii), (ii1) and (iv) are repeated for each
object set in the plurality of objects sets.

25. The method of claim 19, the method further comprising:
54
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C2is the ith dinmension indicator for the object in

the target object set that has the best simlarity

score to the target object group; C is the ith

di mension indicator for the target object group; and

/31 is the ith dinension threshold limt. 5 7. The

et hod ropeatihgis@pd (iWIRY fldNiwdehedch@bfect st ihe plurality of object
plurality of imges is a two-dinensional inmage. 8.
Seffie nethod of claim 1, wherein an image in the

ol ur ali : _ it . | _
Puci £t B Binl BRI 1Yol MG ARRTAAD thETidbyed rolacive
td awvdlhe fornxgebjectivefandtnibeldrastep (o), ahdrensi onal 1H 13C

nucl ear magneti c resQnance..spectru 9. The net hod of
claimil, WHRERERGSIERS c?»rége&m ap. @Vb?&&@ailﬁ%rynww%'@aéﬂon of
biSctBrbyfyif] SAHRADT : S upTRHRR HLo B ER0 R Roh NAR)
0stCe(: rr1\I{}Sr)Sn1 at ree%?nﬂﬂ% naﬂp NVR 15 0sr]>ec:trum 8r g@
iniproveddiangnsi onal NWVR spectrum and the objects in the

I mage are, peaks. in the.tw-di nensi anal o .
thr ee- di misiERHRgE thepPimARE Hend Ky ahi) (hwPiegihiscpeipn has not
ixﬂ&ov&he nmet hod of claiml1l, wherein an inage in the

plurality of inmages is a 2D nucl ear Over hauser
enhancenent and exchange (NOESY) spectrum a

' i . Jy sl v 2D J)..spectr.u .
2oL AR TR, SPeeBie BRe) ARk HEh 4T Gtignment
p®pbsulgého correl ated (SECSY) spectrum a rel ayed
coherence-transfer (RELAYED- COSY) spectrum a 1H 15N
COSY spedtalispmantpe@sel) €OSY spect r (abjedt30op, H
COSY spectrum a rotati ng-kFaiiret NEE b RAESWect ggect r um
a togV%Ierecorrel ation (TOCSY) spectrum a heteronucl ear
si ngl’e“quantum correl ati on (HSQC) spectrum a 25
het er onucl ear k - 1 um cohergnee A MQC)
spectrum a hetrggpob?}%(kzgrgg?%h;ajmpi[j (ﬁgt@,q,;lg:%rr el ation
(HVBC) spectrum a two-di nensional heteronuclear
correlation (HETCOR) spectrum a doubl e quantum
filtered correlation (DQFC) spectrum or a
t wo- di nensi onal | NADAQUATE spectrum 3011. The net hod
2Df Thé fietholl, of MMl F) whbreiin kg §hiralityef idhgdsalotdpyisefa 'H-"C
i mages i s a two- di mensional heteronucl ear magnetic
el MARETG IR eRaNG S % t he i nage are peaks

W
R P2 P 10U % RS e
T el 20, RO B el B5E B imemsion
R Sk MU T R —

spectrum 513, The .nethod.of claimJl, wherein.,an. . .. -
b ect et e RESIHAI GEyFcs 7. g Phictt 8t Eib iy uligension;
50 objects,. 14. The nethod of. claim wher.ei.n . .
obi ect sedb ishE RIS et ? et ke ki i Hgimension;
200 objects. 10 15. The nethod of claim1, wherein

MWhe plurality of images conprise 111-13C nucl ear

magneti ¢ LesQNBAEAISNEIk@AnaNd wherein a simlarity
metric conputed in step (B) between the object j5,

having the best simlarity score to the target object
r Pa= o - . ' t ordi 0.t he
2 U pleogiolibon 26, bt b2 SRTRY R ndgG Ul £obo”
diGlengional she¢ttum ap)l herein
Sim(ﬁj:ﬁj) = —{di’gt(ﬁisﬁj)}z = _{(Xi —XJ‘)Z + /1(}: - Ifj)z} 5 wherein
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where Cl1 is the coordinate of j3, in the 13C

di rension; 6; is the coordinate of fir, in the '3c

di mension; 111 is the coordinate of pi in the Il

di mension; 20111 is the coordinate of Pi in the 111

di mension; and k is a normalizing constant. 16. The

met hod of xcisahd@cbrdinhelofobjethp, & dbjéditduy Wmtthé X dimension;
bet ween the object and the target obj ect group has

the best XjigiHeasootdinge of ebjetxep . an shjsdtlgadur by infé N dimension;
bet ween the 25o0bj ect and the target obJect group is

greater tFafy th&€oditiifateddfiobjectgt lih Sbib& itk Bihe At diddension;
object in the target object sef an the target object

group. 1¥;is feeosrlifkad oobbjediap mﬂobjmfghﬁtp“k inhBe Y dimension;
srnrlarlty metric between the obJect and the target

amgbj ect group has the best simlarity score when a
simlarity, metri c bet ween the 30 object and the
target ob} &t nueplizipgicensanthan the simlarity nmetric
bet ween any other object in the target object set and
the target object group. 18. The nethod of claiml,

2% HEhenmtthod of ulatrh @6, wherpin the pyraljfiy ofiimageg comprises a two-

a nt of object n the plurality of object
ﬁﬁgéggﬁgi@mﬁ%&ﬁiﬁﬁ?gé of cl gl um 18I %her ei nJ t he

optjim zi ng st

SE 91%(';3”% _% 6{ g ?Gb J)Ups JIIISI%IJﬁ ?{Jr a]]tqsﬂ%gh@ﬁ!'ﬂd and

obj ect gfodps w{dmﬂpn i jothareligct i ng the
subconbi nati on of obJects froman object set in the
whdrdginal ity of objects sets that are assigned to the
subconbi nati on of Obj ect group (i)
conputlngwadgﬂthaﬁrFy*&ébreYﬂorﬂéHcﬁVbéSS|bIe obj ect
- object group 10 conbi nati on of the sel ected
subconbi n&t isdie afordibplectfobiat pt reokjedtertupds in the X dimension;
subconbi nation of object groups; and (1v)
r eassi gni Hgs theecovadioate od objebic ot nbjacti gyoupk inothe cdignension;
in the object set to object groups in the sel ected
subconbi n&t ische obordijatecef apjestigs ibabjeck mrpumk ihthe db{lmudnsion;
- object group combination that achieved the best
simi | arit¥isterepordinate o objiect p; il sbjed@roufhle imtie Nodimension;
-claim 19, wherein steps (ii), (| ii) and (iv) are
andepeat ed for each Obj ect set in the pl urality of
obj ect se{k ali et hod of claim 19,
wherein st & %n?qﬁ'wgﬁ(?ns %), and (iv) are repeated
for a 20 different subconbi nati on of object groups in
the plurality of object grou 22. The net hod of

- 3| Hhangthod ok eleem R6s wWagrsin the P?wétiWiOf imageg compyisegractwo-

dl[ggﬂeg{lﬁgg{es ?]%@W%Q}e%?t set in the plurality of

e glven different subconbination
pf? obj ect gr pupsifiix, tre | o | W al ¥ § ¥ 1@ feraRiil upgpe ObRM, and
?5 sid#i8p,, plye={ret hod of ¢]aim'19 wherein steps (i),
é\llnl ), (ii1), |atdist(Bvp, At & rr eprealationsen edat 1 D1 rodherwisad
erein each repetition of steps (i), (ii), (iii),
wherdin( | v) is for a different subconbination of object

Tet hod of ~JPRI 2 ioHen n A Der SRRk arent

subconbi natj on of obj ect roups |n t he pl uralrt%{
obj ect gr-&ujgshe §‘t‘§6’é1atﬁ”| qfyo JQCF i7; Jn apigetgroyp K insthe X dimension;

repeated for each ect in .th lural jty of
objpect s séiisth ecoorgl_njate ofo Ject P, mo‘gjep t group 11:¥ the X dimenston;

Y; is the coordinate of object p, in object group k in the Y dimension;
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25. The nmethod of claim 19, the nmethod further

conpri si ng: (v) repeating steps (ii), (iii)
and (iv) for each object set in the plurality of
obj ect sets; (vi) deterlining whether a val ue

for an objective function has inproved relative to a

| ue for pti joRgihi i ; didflsion;
B epoat | nyl S ape P O o o M, iAo

di fferent )sybaomiinald Gns@ht; obj ect groups in the
plurality of object groups when the objective

function hegelatiproy &t caaredptivarbetwreniardgiinedne phlorheddyyf object
st eg @@f _when the objective function has not
B APY 8WEY: P10 26. The nethod of claim 25, wherein the

bj ' f ' F [ , 1),
o et D081 Sl S ST L 0P ),

al | object, igs StenBitt Bohtyralk ity of object groups
wher e 15f (obj ({eucgtOi gromtJ}:)) :Egi n(‘?él, /3j) all pairs < j>

i n obj ect 1.g¢ pWy ikiendity oflbi§ediep hagddof cl ai m 26,
wherei n the pllﬂljgralit&,ofé‘t?ndg?e’s conprises a | H13C

nucl ear j angez2spectrum and wherein 20fij

) = -{di gﬂ??%ﬁ%ﬁgg’gq{?%'- C)2 2(HL - H2},

wherein Cri is the coordi nate of object A in object

group k in the 13C dinension; Cl is the coordi nate of
3bbjkcmethodiof chidind@ Whexsirpthk optimizagion 8{thdiansigisnent;of abjects in

is.the c di nate of object . A.in object gro k.in .
theploralitv bt ot seriommed BSing B RIHEAY, pesdt ABg iy aynamic
sdafthO Bl £66mBaten Kf 4 Brekefe sehirt AR G)rafic archnd A is a

normal i zi ng constant. 28. The nethod of claim 26,

wherein the plurality of inages conprises a

3 2?@1{1&2%%‘ 0%%?%'!11?1? ?\&1@6{%??]5% rf% Ifgj e_%p %‘t H;g % pflﬁalﬁt}r of object

sepeiraisponds to a metabolite.

33. The method of claim 1, wherein the plurality of images are rephcate spectra taken
under a first experimental condition, the method further comprising using the plurality

of object groups to combine the plurality of images into a single first average spectrum.

34. The method of claim 33, wherein steps (A) through (C) are repeated for a different
second plurality of images, wherein the different second plurality of images are
replicate spectra taken under a second experimental condition, the method further
comprising using the plurality of object groups to combine the different second

plurality of images into a single second average spectrum.

35. The method of claim 34, wherein steps (A) through (C) are repeated to align the

first average spectrum and the second average spectrum.

36. The method of claim 1, the method further comprising outputting the plurality of

object groups to a user interface device, a computer readable storage medium, a
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Xi is the coordinate of object Ain object group k in
the X dinension; Xi is the coordinate of object /31

in object group k in the X dinension; 11; is the

coordi nate of object j3, in object group k in the Y

di mension; Yi is the coordinate of object pi in
rrféﬂicﬁji,torgﬂ@@m o rdrflott B6m ut@i‘ %5%&5111 ;0 displagittk the pivSaldly of object
normal i zi ng constant. he net hod of cl ai m 26,
EfePein the plurality of i mages conprises a

t wo- di nensi onal spectrum and wherein co, if I X --or

I Y, -1 is larger than an upper bound, and
310{Fh4: nEt{oBFLRim} L the méﬂledﬁiuﬂte,r cuprisihgaligning the plurality of

st FPALPOB LB BiEalny s Wb s UGHBAY ke PTG obobiect

ﬂiu nsion; Xj is the coordinate of object ,j3 J in
ob ect groupklntheXdlrrenS|on 15 Y.; is the
coordi nate of object j)*, in object group k in the Y

3 glbjlfgfg {Sﬁeg}o&fﬁl cﬂ<a11111n3t '}1 ﬁ@c % t%lrgtﬁb}%B ggm&‘kﬂlgé E)létputtmg the plurality of

ﬁ{e r ehﬂaéésﬁg aqgelsﬁl@e@face 46vid0)-a chguiBtréRidbiefstarhd i difm, a

inthe plurality of images conprises a
memery ateriesad v reragie compuie fickiamtar displaying the plurality of aligned

if X, - 1 or I X - Yilis larger than an upper
“B*%ﬁ?ﬁd and sinm(ii" ) {dist(23,,i3j)} 2vy.
correl ationy-q (I, - .1)2 , otherw se, wherein
-{dist(j3 "1-3)} 2:- X- X)2 + 25X is the

3% 0dndrRamaBisder Q;ltgnél%ﬁ omeqtﬁ 1%]9]@1521111]@ pleicst sets, qank obgect set in the

gr%ﬁg%t 8@80 Jﬁ%tjs )ﬁ(oxé?ﬁsﬁi | A B]?t;tfmoa{ %(ﬁx@ oor@ ﬂﬁzgalg ?fafurahty

oblmapet, thdappatatobe@aprigngup k in the Y di mension; 11,
is the Cq:@grdl nat.e of, Obj ect | in object group k in

the ¥CERYRERLPGFHINEIRE &dnor i i zi ng const ant ;

corr ﬁ'nﬁm&?}’udu?lédhﬁ tl‘i@édn@aﬁﬁﬂo@@saﬁ@ttﬂﬁ,eﬂm anesiﬁfry REeghprising:
nei ghbor hood o ect A and Oﬁi ect 13 ; 5y is a

wei ght f oinstiyetiemsy ﬂéﬂ@@ﬁ&lﬁg said “é«'dl*-}’ efiebicgisetsi s a | og
Iogjt :2?' } ?/ P.gflmggé d&iiﬁparisSn 10d g%?xe % ﬁlﬁbﬁ'ﬁ?ﬁ&ﬁ%dﬁic comprising
instructions for:

(A) constructing, for each respective object in a first object set in the
plurality of object sets, a corresponding object group that contains the respective object
in the first object set, thereby constructing a plurality of object groups;

(B) computing, for each respective untreated object in a target object set
in the plurality of object sets, a similarity metric between a target object group in the
plurality of object groups and the respective object, thereby computing a plurality of
similarity metrics, wherein

the object in the target object set that has the best similarity score to the
target object group is added to the target object group and marked as treated when the
coordinate differences between the object and the target object group are below
threshold values; and, otherwise,

adding a missing object to the target object group when the coordinate
differences between the object and the target object group are not below threshold

values;
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10 31. The nethod of claim 18, wherein the

optim zation of the assignnent of objects in the
plurality of object groups is perfornmed using a
greedy search algorithm a dynam c search, or a
conmbi nation of a greedy search and a dynam c search.

32. The pwthpshth tﬁé @bmb&tlng/\ét@bG{Bﬁfcﬁlléaelbjr@ﬁélning adfect set in the
ct set in the uralit j ect. 15sets

piue&fw@ﬁ&%get% w%ew%aﬂw ﬁﬂe ta@?f bhiRe GiRHmERT of cf ai m
1, wher eim rbb@atmgtthéﬂcbwumg £BPYBP afd e RPLAIRL Sep (C) for each
spectra taken under a first ex (%% conden\@f
rerENG ARGV R OO P NS PHER Do Pk 0ToL R, afferg tiy respective
obje& @blip W aEH§ndted RNk nﬁrgbhebjal:wg@bpt Whédkin oBje&s thattare in the
a single first avera%;e spectrum

sarpg oplegh #houB areHesBes %P%‘ES%SPPAS* t? ﬁaﬁg Hﬁﬁb)th%rPBV ZheHg objects in

therpﬂpgﬁggfjogj@ét satsdi fferent second plurality of images,
wherein the different second plurality of i mges are

replicate spectra taken under a second experinmental

40.CONghd iy ?Baraﬁd%%ﬂ&bi?@@gf WhERS tIE0BPMbaigdd Meag fufteer comprises
plurality of object groups to combine the different
'”S@é‘é'éﬁﬂ @5 plurality of imges into a single second

aver age EEQG‘&MLH'!”% theSplurtNg dredtied Pbups! @i anusd, interface device, a

wherei n steps through (C) are {e peated to ali

comm&ewrea@abf%\?@r%afem@s@m AR, Phe ogekfefﬁamatﬁemgﬁer system; or
_ dlsﬁgﬁﬁ%mgmurﬁﬁty%@obgbpgra@fgg1od of claim1, the nethod

further conprising outputting the pl ural ity of object
groups to a user interface device, a conputer

41." eaflaabsarah R &URighREi dbiBctsin aRINBIItY of Objedt deBs dhctPbbject set in the
renot e conputer system or di spl aying the plurali.t

plquﬂltycqjquﬁctsgﬁgg ,ggmpnsmg-yhe gPiectEgdn ﬁcgﬂnrr P gnl{r@get:rhé plurality of
,mé@gghggag%@hgrmﬁmﬁb& ng aligning the plurality of 5
I'mages based upon object assignnents within the
pl u? &¢iFa) pmceﬁfﬂ@g BNiti@8di ty of obj ect groups. 38. The
et Danffry, dodbRU3d thel deptraBirbeshsinardnitethe GRdry Som@rising:

out putti the plurality of aligned ch?es to a user

mterfac@%@ﬂ”@éor@fcé%?\’ﬂﬂﬁ%ﬁip i et 8%8ge medi um

a 10 ne”(H))fneé?l% f@r dSRLctPE, Foﬁ@ﬁ&iﬁre@@émwé @bjeﬁb’ﬁta&ﬁ%t cﬂb[ect set in
di splaying the plurality of ali

theéﬂlﬂfaﬁté(tqfso st sgﬁ @pﬂ@ewngl@gsotﬁ?pt £I’él|.|]€h%5§ cpytems the respective

obJQ&Jlr?% fir&lobject dahiraRiy ConstRictihg atph@alRty uf @ﬁjéét)grd!fps
obj ects sets conprising. the oe% ects in

cor r espoftdiMeAN @éomHUtH‘gprQJr Cf‘tfﬁspﬂg‘fe PRiERALed obiggt in a target

objSRRAf Al tHe ﬁﬁﬂgﬁ}? Iof bBet set€ eNirmbrity TSRS BbfeH tbrge@ﬁﬂject group
a menory, cou to the central processi

in trﬂ@myfq}ltst@‘rﬁm% gmyps.aﬁgtﬂawsp%ﬁwfoaiecsé'&%ggf?@"%ﬁna a puraiity of

simihrity Aetdcs, Rhe@id ect sets; an i mge
conparlson nodul e, the inmge conRar son

conpri sih§ WiRch #hgcttargﬂt,gbpgp set that has the best S|(nA§ir|ty score to the

tardé‘P B%fe%ﬂ&rtoluﬁgs aﬁ@éd ﬁﬁ@l@ té@%’@SSJbti%oQ;bJaﬁéﬁ'ndercﬁaé trégttd when the
j ect set the plurality of

co%aetésﬁla‘ﬁtﬁnﬁgs dlﬂf‘@%‘i“ dh%lﬂ?ﬁqﬁaﬁn%@fﬁ dpiiget toblect group are below

thré’sﬁ@lﬁ%fde‘éearﬁploﬁfgrwis@ the first object set, thereby
constructi ng plurality of object gr oups

(B) conp%ﬂq"?ﬂga m!‘ﬁﬁ'”éa%eqtégﬁﬁ%tt?'ig@t PJPFte%TPléBI visnepe coordinate
différBnéed BEQRENOPEEEjedCindthd ParbéteoBlbst’ Glolib Yar€fndt ek threshold
sets, a simlarity netric between a target object
Vallg?ﬁoup in the plurality of object groups and the
respective object, thereby conputing a plurality of
simlarity metrics, wher ei n t he obj ect
in the target object set that has the best simlarity
score to the target object group is added to the
target object group and marked as treated when the 30
coordi nate differences betwe¥nh the obj ect and the
target object group are bel ow threshol d val ues; and,
ot herwi se, adding a m ssing object to the target
obj ect group when the coordinate



di fferences between the object and the target object

group are not bel ow threshol d val ues;

(O repeating the conputing step (B) for each

remai ni ng object set in the plurality of object sets

t hereby popul ating the target object group; and

(D) reped) mgarishfor copgatihg the sieeps {oB)coapdtind1€C) for each remaining

obiBE 6 Y B Bhe AR FelE ey o B SRR St aroup: and
| Where t heE)rmeqracior vepealing die meanaofomodmhwat)emcame means for

et o er e|
reppﬂ’%ngs r&ﬁcg é?mapg]g g:}eg ‘éee%tﬂ% &If'e élgﬁkyac{fg)bjegts groups,
wh@x%CiheOifehﬁéctlvé hudsjeedtyoradip Wdéggmgeda @B Sthe rtatge opjeat grdupy wherein

ect se 40. The aratus of claim

obigie Yo Pbh sheeBerh Brate; ~Eoipmen s Thdrenghllradtn otrer
thefey:aligning objects in the {lEhlit9 Wf phiettisets.t he plural ity of

obj ect groups to a user interface device, a conputer

readabl e storage nedium a nenory, or a local or
42r ?W%@aﬁpﬂam&té of clsyzztie,mh@éin dhésmbmxb'rm‘gnhdﬁa:qm;mls% ity

of objec r oups, a n|n

obj ecJt s {Fﬁgrge%{éufroélomp@g'ggRﬁ%]"@"ﬁ%&g{)@bjega@ Bo{oed pser interface
dew&d, & dfbnﬁﬂiﬁerﬂbﬁdﬂﬁlé sibrade okpiect & mehsryc onprocs! ng rdringte computer

ect in. a onding.inage in a plurality of
Sysi?‘#é pﬂ%‘gatﬁ '%0@3%%195‘3 g a ceﬁtral d

proceSS| ng unlt and a menmory, coupled to the central

progessin t he
43 1y AroRRE A BB o6 PSP BT £5yest g g on a computer
readgblé storage media, the storagdjnetidadomgieingconst ructi ng, for

each re gte tive

e first .object s
pl uFH1a first Rlyraliyio ggh’"@’e‘{%”es %Crc‘raﬁsé'ﬂ%%adﬁg RYT aﬁﬁ,v %fn o[bjec?sets
gr oy d §etdon€ Piiralitn of blheryr \efypsdbl mstrod‘.tjr@cforlelaclh Mpectwe object

in 66{%::? ja.lrtg%:sér? G{Le pItPrglrt ec? (séJ et nﬁrge§pg7pglng objé/ct group that

cort NP dhd Rgspettve 656l inar@aindt iobctisel datrely obstattingnagplurality of
target object set in the plurality of object sets, a

obiestdPuRSi ty netric between a target object group in
t he(cnl ftadi ;iuyramg; oPhjireey vgnesuns canqbutmrga foresgciespactive untreated

objﬁgtlp Faé@réq?f?rge %’ﬁgto [I;")pHe phgal%y 0 u[)]ﬁgt %%f g%tsfcr’mﬁntyhlgettr% between a
tarée’:;lb@j%bt gl’@iuﬁiﬁthé q‘auuralh;abf dmscttgmpleemu tiss rspeative pbecor e

thet add to the target
th%?&l/é?@fnpg %%lt 3‘2 "}e?récgt ‘gger\?)ﬁ'en t he
coor di nathe (ﬂjjécﬁﬁﬁ ﬁfu:asgdme;bmeaeﬂtha lodyj thetbeansintilagty score to the

, targsﬁz%1 rﬁgfefﬁ éghg Fstaa%reglfg thaertgrgkx)egaﬁ\évﬁtggr}él?q?@mﬁé(eg aszrggee{]dihen the
codralﬁatbaam’eren@bé esitw@so Uhe Wigert t frel oo rtdigetitobject group are below
difEF e%af %Eien the object and the target object
threshg g/ "%t hr eshol d val ues;
(D) meangddify ar mli&ﬁfgl dgledthte theamfgef Objectogjrpup ivﬂ'@n(iﬁ)e coordinate
or each remajnin S | ural
d'ff%rﬁp@%% Befuresn WQr%@? %'pfﬁt“ﬁ %ﬂaett RRISeL 9P 2B ot Below threshold
val@soup; and " (B) neans for repeating the :
means for conputing (C) and the means for repeating
(D) for each remai ning respective object group in the
plurality of objects groups, where the respective
obj ect group is designated as the target object
group, wherein objects that are in the sane object
group are deened to correspond to each other, thereby
aligning objects in the plurality of object sets.
42. The apparatus of claim4l, wherein the nmenory
further conprises: (F) neans for
outputting the plurality of j ect groups to a user
interface device, a conputerTeadabl e storage nedi um
a nmenory, or a local or renote computer system or
di splaying the plurality of object groups. 43. An
apparatus for aligning objects in a plurality of



(B) a second plurality of binary values for

constructing, for each respective object in a first

object set in the plurality of object sets, a

correspondi ng object group that contains the

respective object in the first object set, thereby
Conﬁj)ral%drﬂhgplaramny&bihary weflussbfoe cépegtinyiplss computing (@) for each

b PR Al L BB At o

gro§igtaridn the plurality of object sets, a simlarity

nmetrj.c en.a target object group.in.th - al i

o b adin gy o e WRLEs Jot [E8g tle SoRBLICY and the
rep@ﬁll‘ﬂ@;’v%i) R eAcH h:ugﬂhiingYeﬂfecﬁ%mhjaﬁigtqum'ﬁmd ﬁsnaliml:é jobjents groups,
the object in the target .ect set t t .
WheP B SERRSTE GPIPCt 9t s, Srydtatesh P8 b gprath SpleE gRER! wherein
objé@s tthat Ararigethe GhInks bbjgcoymupnarenaadest! &5 corespoad taheach other,

t he coordi n,ate,d'ff?re.ce between the object and the

thef@ﬂg”@@“'%ﬁ@@?tsﬂ?ﬁ‘ﬁﬂ’ ‘é[?@yﬁgf)@ﬁ?ttsﬁfseshol d val ues; and,

ot herw se, addi ng a m ssing object to

4.1 TR SRR B GBT L b0l et “GRUSTHed B et commyriee

gr OgHy addieh pRialibetfamdrhvaisbefat cudutting;the plurality of(dBjechgroups to a

fourth plurality of pinar al yes for repeati th
uses JRABUEPHEEES: 3 GPmEutEn v et PR asL MeaTE df Moo @ lecal or
remtidl E@hpltér §fstemh)] @ Clispiging thé eluedliyy plogiidchiongst he

target object group; and (E) a fifth plurality

of binary values for repeating the conputing (C) and
45.1 hearrp@Rad Fdralighhg fobfectnipha pRmAty bh gbjeetsyets; tdach object set in the

object group.in the plurality of objects groups, . .
PRl SRSt St BETP UG B0 8RiotP A ST SaRIigAITEYe o 2 pluralty of
imdgls, tha hgfhododun@stsirgf oup, wherein objects that are in

the sane object. gro are deened to _correspond,to .

ek GORBFUCHPGIPR BFCA T ERANE S Ed? & TTF SHE SEb i juraiity of
objédt s, eCéorfe@bsndidd! ofijeet gonptRdtusntinscihai resgEdlivevbbjeei in the first

the storage nedia further. c rifses: , (F) a
objegt,eph thir a‘FqntS&”%\‘”gkﬂ Wﬁwty\fﬁ{g’gﬁg §'8FPBut put ting the

gl U(ES doknputing, 361 €sh rgsmm'lse bbjeat insrobjentt sef indke plurality of object

evice, a conpuier reaf e stor.age, nedi um,..a Ly, :
Setr 3 STIAER! TOHE BERYEEN dbria B Py T SRICh P TRy an oblect
groh%ﬂ_ﬁh EHeuplatalifyYof @bjehgatips ghereps codbuting phupalitf of similarity metrics,

aligning objects in a plurality of object sets, each
wWhefBjlect set in the plurality of objects sets

conpri si g febEedibi et iis addedts esfrahdbjegt groageini the elurality of

-~ plurality of images, the nmethod conprisi.ng... . i
obipeAaTeSHIATL P ST MEHIPIWERTL B TFaPastyEbieptpng objects in the
firsf bbjSét @J@hgﬁ béﬁbr_kt'hﬁn tithee stﬁhil&ﬁﬁﬁ iné;ricdiet@béreﬁtﬁ_ mepsctiva object and
.correspondj ng obj.ect groyp that . contains the i R
obifds oy NPt STRUBHE the (Rl qbieed @roigpag i) coordinate
diff6r@Asdd B&iveBd thie Rlspéaivetobjert andjobjettsgn dhepfinst object groiBare below

conPutiLkr%%z for each respective object in an object
threspld; valysgeans] eiPSWISS of obj ect sets, a sinmilarity
- metric bgideem the)pldraity 'of dbpet groaps bjresi otgexd gfddp that comprises

objects in an opject group in the plurality of object
the gensstve PRIFE Conputing a plurality of sinmilarity

nmetrics, wherein the respective object

is added to a first object group in the plurality of

-obj ect groups when the simlarity nmetric between the

respective object and objects in the first object

group is better than the simlarity netric between

the respective object and objects in any other object

group in the plurality of object groups and (ii)

coordi nate di fferences bet vve%n the respective object

and objects in the first object group are bel ow

t hreshol d val ues; and ot herw se, addi ng

to the plurality of object groups a new object group

that conprises the respective object; and (O
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48. The nethod of claim47, wherein steps (ii), (iii)
and (iv) are repeated for each 200bject set in the
plurality of object sets. 49. The nethod of claim
47, wherein steps (i), (ii), (iii), and (iv) are
repeated for a different subconbi nati on of object

gr ou(l®) repedting tipd computing safp (BH Jf@odaclg Feonidsing dbfe0t sel ethe
nmet hod of claim49, wherein steps (ii), (iii), and

plurajty gf %bj?%ﬁetat where By obierthihatire i thesame @ Iefiegroup are deemed to
S P L L bl M e
obj ect groups. 51. The nethod of claim 47 wherein

4§ of bl ol lahinrl; riaiihd Bpbel SuRure St ingthe assignment
di ff t
Ogiﬂjioé%ﬂﬁg?}%%&gf&gy%g? gr ougs : n ﬂ}gnpl urality of
obj ect groups. 52. The nmethod of claim51, wherein,
b t
] nEnE et R i MR R Rl e el PR 11 anc

(iv)ai Efﬁedt @3uBGorh Bina@RLHf sHpécR gtoupsin 1he hh‘@ht?r of object groups;
pl ural i %é@ objects sets. 5 53. The net odo claim
BH

47, fihee @efsgbqqﬁ@?m@mf, objggts: from an objegiset in the plurality of
0@ 8&?@ Ak pﬁx‘[ glteeaggigfléci b thé Jsﬁl:ig))m%pﬁtl()% ¥t 06_]8& g?@fﬂgv obj ect

det e(iify mmpptmdget hﬁﬁlaﬁtyvstbtfﬁ'of' eachmmsmb]emjacveotﬁj em(gtrmu;ﬂ
as, i nproved rel ative to, a val eforth ectlv
Ccffﬁ‘i’F&?*il%hOft}g? stlected gypepppinaging o e@eﬁ&a&@ﬁg gisd Stﬂfqombmatwn
01(#31 gtddds) ang@nd (iv) for a different subconbination
obj“ect groups in the plurality of object groups
when(ivheasigrecg theseleatedtsitbeonirstatiop phHetgegts arttie object set to

t.erm nati.n i m zi ste E), when.th .
O sp R s el b Saafob Pt OHie oD kst ppgn the objeat -
ot§BENRGuPEorkbigk i Rat JRRVER (HOSksT similBRTy CORMAR kb THI).

outputting the plurality of object groups to a user

|nterface devi ce, a conputer readabl e storage nedi um
St
Jgg e%ﬁr?éi q:fﬁgal ﬁégvihg{ il Stnlg)st@ g{‘@ﬁ rfgégtqggfor each
oﬂ‘h&s&emhﬁépnlfralﬁy@lfﬂ‘bjhts‘e’fse met hod further conpri si ng:
(E) performng the nethod of: (1)
addi ng a target object group to the plurality of
b Fels t j
49 oL B8 bRl AT PN B, [ B () BTl Por o
differge suRondbpaion dfobpdtgaupoint the phmatlg;bf objcetegrogpsoup

and marked treated; and (ii)

repeati ng steps (B) and (C) for the target object

sQr ?H@meﬂﬁﬂ of claim 49( BhefedP8iahd (‘?g GeRnd f¥) 48tddeate@ for each

object that is marked untreated renmains in any obj ect
oljett sehintthe phiralitslof ohicof setsojvidls thesgiven different subcombination of

object groups in the plurality of object groups.
51. The method of claim 47, wherein steps (1), (i), (iii), and (iv) are repeated several

times, and wherein each repetition of steps (1), (it), (iii), and (iv) is for a different

subcombination of object groups in the plurality of object groups.
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52. The method of claim 51, wherein, for each different subcombination of object
groups in the plurality of object groups, steps (ii), (iii) and (iv) are repeated for each
object set in the plurality of objects sets.

53. The method of claim 47, the method further comprising:
(v) repeating steps (ii), (iii) and (iv) for each object set in the plurality of object
seis;
(vi) determining whether a value for an objective function has improved relative
to a value for the objective function before step (v); and
repeating steps (i), (ii), (iii), and (iv) for a different subcombination of
object groups in the plurality of object groups when the objective function has
improved; and
terminating the optimizing step (E), when the objective function has not

improved.

54. The method of claim 45, the method further comprising outputting the plurality of
object groups to a user interface device, a computer readable storage medium, a
memory, or a local or remote computer system; or displaying the plurality of object

groups.

55. The method of claim 1, the method further comprising:
(E) performing the method of:

(1) adding a target object group to the plurality of object groups for a
target object in the plurality of objects sets that is marked untreated, wherein the target
object is added to the target object group and marked treated; and

(ii) repeating steps (B) and (C) for the target object group; and

(F) repeating step (E) until no object that is marked untreated remains in any

object set in the plurality of object sets.

63



